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The University of Minnesota, ) 

Minneapolis, Minn., [ 

December 31, 1877. ) 

To the President of the Umwrsity : 

Dear Sib — I have the honor to offer, and to transmit through 
you to the Board of Regents of the State University, the Annual 
Report required by law on the progress of Geological and Natural 
History Survey of the State, being the sixth since the beginning 
of the survey. 

Very respectfully, your obedient servant, 

N. H. WINCHBLL. 
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STATE PUBLICATIONS RELATING .0 THE GEOLOGY OF MIN- 
NESOTA. 



1. Sketch of the Lead Region, by Dr. D. F. Weinland, with a statement of the 

objects of a geological and natural history survey. 34 pp., 1860. Reprint 
from, the Wisconsin Reports for 1858. Out of print. 

2. Statistics and History of the Production of Iron, by A. S. Hewitt. 47 pp., 

1860. Reprint of a paper read before the American Geographical and 
Statistical Society, January 31, 1856. Out of print. 

3. Report of Anderson and Clark, Commissioners on the Geology of the State, 

January 25, 1861. 8vo.26pp. Outof print. 

4. Report of Hanchett and Clark, November, 1864. 8vo.82pp. Out of print. 

5. Report of H. H. Eames, on the Metalliferous Region bordering on Lake 

Superior. 1866. 8vo. S3 pp. 

6. Report of H. H. Eames on some of the northern and middle counties of 

Minnesota. 1866. 8vo. 58 pp. Outof print. 

7. Report of Col. Charles Whittlesey on the Mineral Regions of Minnesota. 

1866. 8t>0. 52 pp. , close type, with wood cuts, 

8. Report of N. C. D. Taylor on the Copper District of Kettle River, incopora- 

ting Mr. James Hall's estimate of the copper prospects of that district. 
1866. 2 pp. 8vo. Found only in the Executive Documents. 

9. Report of a Geological Survey of the vicinity of Belle Plains, Scott county, 

Minnesota. A. Winchell. June 17, 1871. 8vo. 16 pp. 

10. The First Annual Report on the Geological and Natural History Survey of 

Minnesota, for the year 1872. By N. H. Winchell. 8vo. 112 pp., with a 
colored geological map of the State. Published m the Regents' Report for 
1872. Out of print. 

11. The Second Annual Report on the Geological and Natural History Survey 

of the State, for the year 1873. By N. H. Winchell and S. F. Peckham. 
Regents' Report; 148pp. 8vo.; with illustrations. 

12. The Third Annual Report on the Geological and Natural History Survey of 

Minnesota, for the year 1874. By N. H. Winchell. 41pp. 8vo., with two 
county maps. Published in the Regents' Report for 1874. 

13. The Fourth Annual Report on the Geological and Natural History Survey 

of Minnesota, for the year 1875. By N. H. Winchell, assisted by M. W. 
Harrington. 162 pp. 8vo.; with four county maps and a number of other 
illustrations. Also published in the Regents' Report for 1875. 

14. The Fifth Annual Report on the Geological and Natural History Survey of 

Minnesota, for the year 1876. By N. H. Winchell; tritk Reports on 
Chemistry by S. F. Peckham, Ornithology by P. L. Hatch, Entomology by 
Allen Whitman, and on Fungi by A. E. Johnson; 8vo. 248 pp.; four 
colored maps and several other illustrations. Also published in the 
Regents' Report for 1876. 
[hOTB.— Of the foregoing. Nos. l, a, 4 and « are wanted by the Survey.] 
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REPORT. 



I. 

SUMMARY STATEMENT. 



The .Regents having authorized a joint examination with the 
State Board of Health of the water supply for domestic uses in the 
Bed River valley, the first work undertaken in the season of 1877 
was an attempt to ascertain the cause or causes of the unwholesome 
water often found in common wells throughout the valley of that 
river. About four weeks were spent in that part of the State, the 
observations extending from Breckenridge, the present terminus of 
the St. Paul & Pacific Railroad, to Winnipeg in Manitoba. The 
details and the results of this examination will be found in the fol- 
lowing pages. It is sufficient here to say that the chief cause of the 
"stagnant," or foul water so common in wells of that part of the 
state was found to be the almost universal practice of curbing wells 
with r)ine wood ; and that there is nothing in the water itself which 
is unwholesome or injurious. It is true that wells from the drift- 
clay are apt to be more or less alkaline, unless from extensive 
gravel or sand beds within the clay, but there is no reason, except 
artificial or unnatural causes, why the water of that part of the 
State should become foul or "stagnant" in common wells, any soon- 
er or more frequently than in any other equally clayey portion of 
the northwest. It was found, indeed, later in the season, that this 
difficulty is by no means confined to the valley of the Bed River of 
the North. It is encountered with equal frequency throughout the 
entire western half of the State, from the Iowa line northward to 
Manitoba, and must be referred to some cause that is not local in its 
application. In the absence of stone for walling their wells, the 
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early settlers of the prairies, who have been generally men of little 
pecuniary means, have resorted to the use of pine plank for curbing 
them, on account of its availability and cheapness, and to this prac- 
tice may be attributed by far the greater portion of the difficulty, 
resulting in many cases of sickness (usually typhoid fever) and 
many deaths. This fact cannot be too widely published, nor its 
pernicious effects on the general health and prosperity of the newly 
settled counties too strongly impressed on the people. 

Eeconnoissances into different parts of the state have been 
made during the season, having different objects in view, viz.: one 
into Wright county for the examination of localities of reputed 
"coal" outcrop ; one into Rice county preparatory to the survey of 
the county by Prof. L. B. Sperry; one into Goodhue county pre- 
paratory to the full examination of that county during the coming 
season ; one over the line of the Northern Pacific railroad supple- 
mentary to the water-examinations of the Red River valley earlier 
in the season, and for geological observations, and one into Morrison 
county for the purpose of preliminary geological observations. The 
results of these reconnoissances are given in the following report, 
so far as they can be made useful at the present stage of the survey. 

In the survey of Hennepin county it was found necessary to em- 
brace some parts of Ramsey, and during the past season the survey 
of that county was completed, and is herewith reported, with the 
usual maps and diagrams. 

Rock and Pipestone counties, the most southwesterly in the 
State, have also been examined, and are reported in the same 
manner. 

Rice county has also been surveyed in detail by Prof. L. B. Sper- 
ry of Northfield College, and his report on the same is herewith 
transmitted. 

Further examination of the fossils of the Trenton was carried on 
during the intervals of interruption of the field-work, and some 
further notes on the same are given in the following pages. It 
cannot be expected, however, that while the field-work is steadily 
carried on the detailed laboratory work of palaeontology and litho- 
logy will progress with equal pace without the employment of ex- 
tra assistance. Still such progress as is possible will be reported 
from time to time. 

There is, accompanying this, a detailed report on the General 
Museum for the year 1877, showing the addition of minerals, and 
specimens of foreign rocks, as well as the naming of fossils in the 
cases of the Museum. There is work enough now on hand, in the 
Museum, to require the steady work of a man a whole year, with 
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nothing else to do. It cannot be impressed to strongly on the Re* 
gents that there is a necessity of employing more assistance, or of 
the curtailment of some of the labor now devolving on a single 
man. It is certainly very necessary that the Museum be placed in 
its best condition. This implies the working up of many boxes of 
material, both in mineralogy and lithology, and in palaeontology. 
This is nearly all within the purview of the geological survey of the 
State, the material being almost all the product of the field exami- 
nations, and would redound to its substantial progress perhaps to a 
greater extent than the continued and constant prosecution of the 
field-work. 

The report of Prof. Peckham on the chemical analyses of various 
substances submitted in the progress of the field-work is also in- 
cluded in the following pages; also, that of Dr. P. L. Hatch on the 
investigations he has prosecuted during the year on the ornithology 
of the State. 

The year has been signalized by the disappearance from the State, 
and from the entire Northwest, of the Rocky Mountain Locust. 
The interesting and important report of Mr. Whitman on the 
phenomena and causes of such disappearance, and on other insects 
injurious to farm products still existing within the borders of Min- 
nesota, is also transmitted herewith. 

In Botany, while there has been a steady increase of specimens, 
gathered by Mr. Herrick, or presented by other collectors, there 
has been no attempt at classification or thorough examination. The 
progress of the work in this field will be mainly in the gathering 
of material, for several years; but finally the aid of expert botanists 
will have to be obtained in the preparation of a final report. 

The officers of the Northern Pacific and of the St. Paul & Duluth 
Railroads very courteously furnished the State Geologist with 
passes over their roads while engaged in the northern part of the 
State, and those of the St. Paul & Pacific and of the Red River 
Transportation Company extended the same favors during the pro- 
gress of the survey of the Red River water Bupply. 

A considerable portion of the season has been spent in the north- 
ern half of the State. What has been done there has been of the 
nature of hasty reconnoisances. Nothing else is possible. The 
means now available for the survey will not warrant the commence- 
ment of detailed surveys in a region mainly without roads and but 
sparsely inhabited, however great the need of geological examina- 
tion. It is mainly for this reason that the survey has been carried 
on during the past six years in the southern portion, where, at 
much less expense, the utility of the survey could be demonstrated 
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and its progress be more evident; as it is well known that geological 
surveys have, in various states, come to unfortunate interruption, 
and sometimes final termination, for causes immediately political or 
economical. The time has come, however, when it will not be pru- 
dent nor just to further ignore the northern half of the State. 
An unusual impetus in immigration, and in prospective mining, 
has stirred the people in that part of the State, during the past 
year, to make serious demands for the services of the Geological 
Survey in exploring and developing their material resources. The 
enterprise of the government of the Dominion of Canada on our 
northern frontier, in the building of railroads and canals, will not 
fail to react powerfully on the State of Minnesota north of Lake 
Superior. The Canadian geologists have already visited and re- 
ported a number of times on the contiguous portions of the British 
Possessions. It seems to be very necessary to subject that part of 
the State to a thorough geological survey; but it will require ex- 
pensive outfits for two or three exploring parties, and it would be 
several years before the survey could progress sufficiently to warrant 
a final report. Meantime, during the progress of the work in the ' 
northern part of the State, investigations should not be suspended 
in the southern portion. In order to carry on the survey now as 
it seems to be necessary, an additional sum of six or eight thousand 
dollars per annum, for about four years, should be available. It 
would then be possible, probably, to issue a couple of volumes of a 
final report, one on the southern palaeozoic formations, and one on 
the metamorphic and azoic rocks of the northern portion of the 
State. 
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II. 



THE WATER SUPPLY OF THE RED RIVER 
VALLEY. 



The State law by which the survey is being carried on requires a 
complete account of the mineral and other waters of the State, includ- 
ing accurate chemieal analyses. It was at the instance of the Secre- 
tary of the State Board of Health that the immediate examination of 
this region was undertaken; the sanitary questions involved being 
regarded of great importance. With a view to the co-operation of 
the Regents and the State Board of Health in this examination, a 
joint party was organized, con uting of the State Geologist, with 
Prof. S. F. Peckham on the part of the Regents, and Dr. C. N. 
Hewitt, Secretary of the Board of Health. The plan of procedure 
consisted in a descent of the valley from Breckenridge, on the St. 
Paul & Pacific Railroad, to Winnipeg, in Manitoba, stopping at 
the principally settled points for information concerning the objects 
of the survey, examining all accessible wells and procuring samples 
of water, and carefully noting the nature of the river bluffs. Sub- 
sequently, and daring the further prosecution of the field-work 
over the western portion of the State during the season, more ex- 
tended observations on the same subject were made by the State 
Geologist outside of the Red River valley, and the valley itself was 
again visited for further facts of comparison and verification. The 
conclusions arrived at in this report are based on all the facts ob- 
served; and as they vary somewhat from opinions advanced by 
other members of the party, it is but just to relieve them from all 
responsibility for them. Soon after the return of the party a sum- 
mary of these conclusions was prepared at the instance of Gov. J. 
S. Pillsbury, and it was published in the Pioneer Press for Septem- 
ber 18, 1877. 
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It is also necessary to state that the samples of water selected for 
analysis were not such as would teat the correctness of these con- 
clusions, nor that of any theory that has yet been advanced for the 
cause of the foul waters of the Red River valley. In order to de- 
termine something by chemical analyses of the waters, the writer 
selected and urged the full analysis of four samples only, with 
qualitative tests for other samples to show their relations to either 
of these, viz.: 

1. Some simply alkaline water from a deep well. 

2. Alkaline water from some deep well contaminated by organic decay. 
8. Water from some shallow well uncontaminated by organic decay. 
4. Water from a shallow well foul from organic decay. 

The analysis of water from the following wells, conforming to the 
conditions required by the above varieties of water, was recom- 
mended for the purpose of arriving at some satisfactory result. 
It is to be hoped that the survey may be able at some future 
time to institute further examination, and chemical analysis, 
should the explanation here given not prove sufficient. 

1. Water from the Brewery at Moorhead. 

2. Town well at Breckenridge. 

3. McHench's cistern well at Fargo. 

4. Well at Mr. Sloggy'a house {not the Bramble House.) 

The Facta Known Before the Survey. 

The flat prairie country generally, throughout the western por- 
tion of the State, has been much troubled by bad well water. This 
has been reported to the survey from Lyon, Renville, Redwood and 
Murray counties, in the southwestern portion of the State, and had 
by the parties troubled by bad water been attributed to a so-called 
"peculiar clay," a "blue clay," a "black clay," or to some other 
deposit in the drift which had been met with in the wella. Simi- 
lar reports had come from the country further north, and latterly 
from the Red River valley specially. The settlement of the Red 
River valley has been rapidly going on during the past two years, 
and these difficulties were more numerously and urgently presented 
from that quarter of the State. As these waters had a very delete- 
rious effect on the health of the people, and threatened to retard 
the development of that portion of the State, the State Board of 
Health very wisely initiated the systematic examination of the 
whole question which is now being, made, but directed itself specifi- 
cally to the valley of the Red River of the North. The waters 
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from the wells dug, whether deep or shallow, have been found to 
become foul, or "stagnant," sooner or later, and if their use has 
continued much beyond the discovery of this condition they have 
produced diarrhcea of a persistent nature, and finally typhoid fever. 
Some cases have terminated fatally. These facts were of occurrence 
on the line of the St. Paul & Pacific Railroad, at nearly all the 
stations west of the line of the Big Woods, even outside the valley 
of the Red River; on the Northern Pacific Railroad west of Detroit; 
along the same railroad in Dakota, and down the valley to Winni- 
peg. These effects were known also south of the Minnesota river, 
but they have not been attributed so directly, so far as the writer is 
aware, to the water used for domestic purposes. Yet typhoid fever 
and intestinal diseases have had, during the past ten or fifteen 
years, an area of greatest prevalence in western Minnesota and 
Iowa, according to the ninth United States census. The ascertained 
relation of cause and effect between bad well water and these dis- 
eases in one section of the State, together with the known existence 
of the same effect in another section under like conditions of soil, 
climate and surroundings, reasonably leads to the inquiry whether 
the same cause has not prevailed there also, though it may not have 
been so distinctly recognized. Another fact that had been stated 
and well authenticated before the beginning of the survey, was the 
good quality of the water when the wells were first dug. It has 
also been stated that during the construction of the railroads that 
cross that portion of the State, a number of shallow wells were 
dug in the surface of the prairie, without reaching much water, 
and that they often became foul in a few days, though wholly un- 
curbed. 

The Wells that were Visited and Examined. 

The following facts were gathered by the writer: 

Morris. — At Morris, in Stevens county, which is on the Pomme de 
Terre river, a tributary of the Minnesota, and not within the valley 
of Red River, the wells are usually bad, and the people generally use 
the water of the Pomme de Terre. Wells have to be dug rather 
. deep, and through a blue hard-pan. The railroad company are now 
boring a well having a diameter of sixteen inches. They turn a 
sort of auger by a single horse-power, and take out the clay as an 
auger takes out wood, but it has to be lifted out frequently. The 
material thrown out, now at the depth of 56 feet, is a blue clay 
with few stones, but some small gravel. No water has been met 
with yet. 
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According to Mr. Leonard B. Hodges a well of good water was 
obtained at Morris later in the season of 187T. It is owned by 
Judge L. E. Pierce. It is surrounded by foul wells, several of 
about the same depth, and others of not half that depth. It is in 
every respect like many other wells at Morris, except in not having 
wood curbing. It was "driven," i. e., after digging some depth an 
iron pipe with protected sieving was driven into the clay till water 
was found which rose in the pipe. This well was good and has 
remained so. 

St, Gabrielle] Springs, NEi Sec. 17, T. 130, 45.— Three 
miles from Campbell station, a little south of east. Here are 
St. Gabrielle Springs, said to furnish "good water;" but although 
there is a scummy deposit of iron running from them the water 
tastes alkaline, and is very much like the water of the deep well at 
the station. There is a boggy area of about two and a half acres, 
lying a few feet above the water of the stream (Rabbit river) from 
which the water of the springs runs into the creek. This area is in 
a bend of the stream, and lies about six feet below the general level 
of the prairie. The stream is about twelve feet below the prairie, 
and empties in Bois des Sioux river. It is a small stream and has 
clear water, but an imperceptible current. In some of the springs 
which are scattered over the boggy area mentioned, there is a light- 
colored sand seen boiling up with the water, and in the sand are 
also some weathered small shells. The bog itself is peaty, and shows 
some small . fresh-water shells. The banks of the stream show 
nothing but the usual gray drift-clay, containing boulders of gran- 
ite and many pieces of limestone. The water of the creek tastes 
swampy and fiat. The stones and the gravel of the drift, along the 
low bluffs of the creek, are mainly of limerock — perhaps three- 
fourths of them, the rest being granite, &c. 

Over the surface of the prairie about, which is nearly flat, are oc- 
casional fragments of limestone, which are usually somewhat im- 
bedded in the surface, showing the glacier origin of even the latest 
part of this flat. There is no loam here, nor stratified fine clay. 
There is only a gravelly or stony clay that is blackened at the sur- 
face. On making a few qualitative tests on the spot on the water 
of this spring, for comparison with that of the water at Campbell 
Station coming from the deep well there (next mentioned), it was 
found to agree, even by actual comparison in hand, almost exactly 
with the water of that well. They both possess abundant sulph- 
ates, carbonates strong, and plenty of chlorides. The only percep- 
tible difference in mineral constituents was a little greater quantity 
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of iron in the well water. On making quantitative examinations 
Prof. Peckh&ni reports these waters to contain impurities as follows: 
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of mineral constituents. 



As ^the water at the station is foul and unfit for use, while that 
from these springs is pronounced good, and even has a reputed ex- 
cellence, both waters coming through the same natural drift deposit, 
subject to the same natural causes so far as their source is concern- 
ed, while the spring water itself is free from noxious odors, it is 
evident the difference of the waters cannot be indicated by chemical 
analyses of the mineral constituents. It is also evident that the 
difference, whatever its nature or origin, mnst be superinduced by 
some artificial, and not natural, cause ; in other words, that 
there is something inherent in the well, or its artificial surround- 
ings, that superinduces the noxious odors. The trouble, further, 
cannot lie in the clay of the drift, since the spring water is con- 
stantly in contact with the clay, and the well water is brought up 
through an iron pipe which is said to run to the bottom. 



Campbell Station. — The well at Campbell Station was sunk sev- 
eral years ago by C. E. Whelpley, of Minneapolis. The following 
section of this well was furnished by him July 19, 1875 : 

1. Hard yellow clay with strong bitter water . 18 feet. 

2. Blue clay '. 53 feet, 

3. Boulders, or rock of some sort 4 feet. 

4. Blue clay 39 feet. 

5. Blue day, boulder, gravel and flint 11 feet. 

6. Sand, gravel and clay, with some coal 21 feet. 

7. Sand, gravel, blue clay, slate, some coal 4 feet. 

8. Hard blue clay 15 feet. 

9. Clean sand with water, mixed with coal (10 per cent.) 8 feet. 

(Note — This coal on exa mina tion was found to be drift pieces 

of Cretaceous lignite— N. H. W.] 

10. Stony bine day, but softer below, with more water at the 

bottom 87 feet. 

Total depth... 260 feet. 
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The lower portion of the pipe becoming filled with mud it waa 
found necessary to puncture the pipe at higher levels and admit wa- 
ter aboYe the clay filling. This was done at 176 feet. The water 
rose within four feet of the surface. 

At the depth of 173 feet found wood which was covered with a 
yellow substance like gold (probable pyrite — K. H. W.) and was 
heavier than water. Water was obtained at 125 feet, and again at 
150 feet, also at 165 feet. 

The water pumped out of this well in June, .1877, was turbid 
with sediment and visible floating particles, and had foul odors. It 
could not obtain these foul odors from the bottom of the well, nor 
furnish these floating particles from that depth, since they were 
evidently both of organic nature . The upper ten or fifteen feet of 
this well were dug larger than the rest and curbed up with pine 
boards after the manner of most wells on the prairie.* This was 
partially filled with water and served as a reservoir. This water 
must certainly find access within the iron pipe, either through inten- 
tional rupturing of the pipe, or loose fitting of the pipe npon the 
lower joint of the pump. It otherwise passes along the outside of 
the pipe, between the pipe and the surrounding clay, to the bottom 
of the well, and is drawn into the pipe at the bottom. This last 
supposition is hardly possible, as the closeness of the clay about the 
pipe is probably as perfect as about any stone or boulder, and must 
be as impervious. Further the surface water would not thus nat- 
urally flow downward, being warmer and lighter, as well as being 
under less hydrostatic pressure, as long as there remained a supply 
for the pump within the pipe. 

About a mile northwest of Herman the railroad passes down a 
terrace to a lower flat, the change of level being about fifteen feet. 
Hence the well at Campbell Station, wholly dug in the glacier 
drift, without any overlying stratified clays, cannot be affected by 
any lacustrine clay that seems to have been deposited over large 
areas in other parts of the Red River valley. The glacier drift it- 
self, over wide tracts in this valley, lies at the very surface. 

At Breckinridge. — At this place, which is near the junnc- 
tion of the Otter Tail and Bois des Sioux rivers, the grade 
of the railroad is just twenty feet lower than at Campbell 
Station, and a hundred and six feet lower than at Herman 
Station. The distance from Breckenridge to Campbell Sta- 
■On Inquiry of Mr. Whelpley concerning this well he affirms that no wooden curbing 
was used in the shallow preliminary digging, the only design being to get room to enter 
his pipes, and that the dug part was almost entirely refilled, leaving but a shadow 
basin round the pipe at the surface. 
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tion is fifteen miles, and from Breckenridge to Herman is 
thirty-nine miles ; the country in all directions being a smooth 
prairie for many miles, with no visible changes except at 
the terrace mentioned, near Herman. Yet at Breckenridge, along 
the river banks, are broken areas of true lacustrine clay. This runs 
back from the river and covers a small indefinite area. It seems to 
have been deposited on a slightly uneven upper suface of glacier 
clay, or unmodified drift, so that it here only occupies the depres- 
sions in the glacier clay. 

The town has five wells, but only one is used. It is the hotel 
well, owned by Mr. Sanders, who described it as follows. It is 
curbed with boards. 

Sanders' Well at Breckenridge, 

1. Mucky, black soil, no atones : 2)4 feet. 

2. Fine clay, without stones; the same as seen in the river 

banks 16feet. 

8. Gravel — small pieces of limestone, and granite boulders, 

with some layers of clean sand. 10-12 feet. 

4. Under the last, which furnished water, was an unknown 
thickness of a black or blue-black clay, that had a dif- 
ferent odor. This contained stones and boulders, one 
of which stopped the further sinking of the well, 
which, however, did not penetrate it to any considera- 
ble depth. 

The water of this well, analyzed by Prof. Peckham, shows the- 
following composition, as reported by the Secretary of the State- 
Board of Health: 

Grains per Gallon. 

Total solid matter in solution 86.024 

Total organic matter in solution 12.286 

Total mineral matter in solution , 78.756 

Total hardness 19.843 CaCOr 

Permanent hardness 8.756 

Removable hardness 11.887 

Sulphuric acid in solution 1 .868 

Chlorine 17.395 

These results show a general resemblance to those of the well at 
Campbell Station, and the water of St. Gabrielle Springs, contain- 
ing nearly the same per cent, of the various mineral peculiarities. 

The town well was mainly a bored well, but is curbed with pine 
boards. The water here varies. Sometimes it has been pretty 
good, especially at the first, but at the time of this examination it 
was strongly charged with sulphuretted hydrogen. It is in the 
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street, and near no sewers. The ground was raised about the mouth 
of the well to prevent in-drainage from the surface. 

Town Well at Breekenridge. 

1. Soil and clay. 4 feet. 

2. "Black clay," fee., withgravel atones, no water 30 feet. 

3. Gravel and sand, with water in abundance, that rose 16 feet 

in a few minutes Thickness unknown. 

On analysis this was found to be a very hard mineral water, con- 
taining large percentages of sulphates of lime and magnesia, but 
" on evaporation had the appearance and odor of urine residue. 11 
This water may be taken as a type of the waters derivable from 
deep wells that penetrate the glacer drift-clay, when not materially 
changed by contact with organic acids. 

The well ol Peter Hanson was dug entirely, 3J feet square, and 
curbed with pine boards. The material thrown out is unmodified 
drift-clay, of a dark-blue color, containing stones and boulders, 
some ten and fourteen inches in diameter, which show smoothly 
polished and also striated surfaces. The clay itself is nearly black 
when wet, and is charged with little stones. This well did not pass 
through the drift clay, and now affords only "seep water," which, 
after a month or two, will about half fill the well. It then has a 
foul odor which is attributed to the "black stuff, 11 as the drift-clay 
is designated. 

Peter Hanson's Well at Breekenridge. 

1. Clay, as in the river banks; fine and horizontally stratified. .4-5 feet. 

2. Drift clay, dark colored, hard and strong, no water, penetra- 

ted 50 feet. 

The well of Chas. B. Falley, Esq., is altogether in the lacustrine 
clay. It afforded pretty good water at first, but in a few days it 
became offensive. 

C. B. Fancy's Well at Breekenridge. 

1. Black loam soil 4 or 5 feet. 

2. Light colored clay, with some sand, without stones, crumb- 

ling in the air 24 feet. 

3. Sand with water (17 feet of water) Thickness unknown, 

From Breekenridge the river was followed in a small row-boat to 
McCauleyville, opposite Fort Abercrombie, for the purpose of care- 
fully examining the hanks. 
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Section 21, Town 133, Range 47, Wilkin County. — Mr. 
Edward Connelly has here a' well twenty-five feet deep, in 
which the water rises and falls as the river changes, indicating an 
intimate connection. The well is near the brink of the bank, 
which rises about twenty-two feet above the river. The bank is 
made up of about eleven feet of gravelly and stony drift clay, with- 
out any overlying lacustrine clay, underlain by a heavy bed of 
gravel and sand exposed along the bank a short distance above his 
house. Mr. Connelly also described his well as penetrating these 
materials only. In this gravel are pieces of Cretaceous lignite and 
slate. The presence of this gravel bed, and the rising and falling 
of the water of the well coincident with that of the river, proves a 
close relation between the two, but not a flow necessarily from the 
river to the well. There is not much doubt that the gravel bed is 
itself a vast water-reservoir, which is being filled by inflow from 
higher levels, and is slowly drained toward the river by 
hydrostatic pressure. The analysis of this water rather goes to 
show this to be the direction of flow, since there is much more 
mineral matter in the well than in the river water, a change that 
could not be produced by simply filtering through gravel for a few 
feet. 

Descending the river below Connelly's, the light-colored, lacus- 
trine clay, mentioned at Breckenridge, is seen to become more and 
more developed, and at last continuous, with a thickness of 25 or 
30 feet, equal to the hight of the entire banks above the river, with 
only occasional exposures of the hard-pan clay near the river level. 
The hardpan finally disappears about two and one-half miles above 
McCauleyville, near " Aker's place," the last exposure being near 
the rope ferry. Below this place the lacustrine clay constitutes the 
entire bluff of the river. Before reaching this place the large 
boulders, which appeared frequently in the river for some miles be- 
low Breckenridge, had entirely disappeared. At the same time tim- 
ber along the river becomes more and more abundant, and also 
larger. At first it consisted almost entirely of willows and box- 
elders, but as this change comes on large trees of white and burr- 
oak, ash, elm, bass and hackberry make their appearance. The 
bottom lands widen out, and at the same time become higher, 
reaching 15 feet above the water, while the lacustrine clay bank, 
outside of the bottom land, rises about 15 feet still higher. This 
lacustrine clay covers the country generally, east and west, espe- 
cially up the tributary valleys; and it is plain to he seen that it will 
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constitute a different agricultural laud from the alkaline plain 
further south, based on the drift-clay. 

There are here then these three formations, all pertaining to the 
drift: 

1. Latest of all, the alluvium of the present river, which is 
mainly sandy, and supports the timber. It is without stratification 
generally, and swallows burrow in it. Its thickness varies with the 
hight of the freshet stage of the river, becoming greater toward the 
north. 

2. The lacustrine clay, which covers the higher flats, and con- 
stitutes the soil of the valley over much of this region. It is of a 
light and loamy color, horizontally stratified, and is without stones 
or gravel. This is the sediment of the lake which was drained by 
the Minnesota river southward during the prevalence of the last 
ice-period, or on its partial withdrawal. 

3. The blue hardpan clay— The immediate product of the great 
glacier, containing gravel stones and striated boulders. This fills 
the whole valley, running under the lacustrine clay and rising so 
as to constitute the surface of the country a few miles east or west 
of the river, becoming rolling, and even hilly, in the Leaf Hills and 
Coteau de Prairie, but lying smooth and level in the valley. This 
may have been originally deposited nearly level and smooth, as it 
now lies, owing to the presence and agency of much standing 
water, or it may have been somewhat smoothed off at a later date by 
the lake that covered it. This whole region, then, and especially the 
general aspect of the fiats at Breckenridge, are a f ac simile of the 
Maumee river and the "Black Swamp" region of northwestern 
Ohio, minus the timber and plus the alkali of the drift clay. Its 
origin was the same, and probably also its date, both pertaining to 
the period of the last glacial epoch. The theory advanced some 
years ago for the manner of deposit of this glacial drift*, here is. 
confirmed by being equally applicable. It was received in these 
valleys, in a lake of water direct from the ice, and was let down 
gently without much modification, and stratification as fast as the 
ice sheet contracted ; the horizontally laminated clay, in both. 
places being the result of such lateral distribution of the clayey por- 
tions as the lake could effect, and of such later lacustrine deposit as 
water is apt to form, during its continuance as a lake. Further to 

■Proceedings of the American Association for the Advancement of Science, 1872— The 
Surface Geology of Northwestern Ohio. Also the Popular Science Monthly lor June 
and July, 1873- The Drift Deposit* of the Northwttt. 
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the north it covered the surface of the glacier, but by degrees be- 
came embraced further still north, in its general mass, and extend- 
ed even to the bottom of the ice. It became superficial near the 
margin of the glacier by the thawing and wastage of the upper 
surface of the ice. 

McGauleyville — James Nolan's well, 32 feet deep, affords a 
strongly alkaline water. It is situated on an irregularly ascending 
slope from the river toward the general level, and six feet below 
the general level. It was bored 17 inches in diameter. 

Nolan's Well at McCauleyville. 

1. Soil and black loam 2% feet. 

2. Brownish-yellow clay, with no noticeable stratification, nor 

gravel, nor stones 26 feet. 

3. "Black sand," quicksand 4 feet. 

4. Gravel, shells, and rounded stones, like the bottom of a 

lake, with water, went into it 1 foot. 

This well seems to have got water in a layer of sand and gravel 
lying between the lacustrine clay and the hardpan clay, but on an- 
alysis it is proved to he heavily charged witn alkaline ingredients. 

Langevin's Well at McCauleyville. 

1. Loam and soil, and light clay 15 feet. 

2. Blue, gravelly clay, with boulders, tontaining one layer of 

sand and grave! of 3 feet thickness, at the depth of 40 
feet. No water of any amount was found in (his well, 
and it was refilled. This blue clay had pieces of coal 
and Cretaceous slate, and granite boulders. The sand 
layer gave offensive water. At about 100 feet there 
was a layer of about 6 feet of very fine blue clay which 
makes a good polishing material 122 feet. 

It is possible, if not probable, that in the foregoing the lacustrine 
clay assumed a blue color after passing 15 feet, and thus really 
extends to the layer of sand and gravel mentioned at the depth of 
about 40 feet, and which is said to have given offensive water. The 
absence of gravel and stones in the upper part of the "blue clay" 
was not, in that case, carefully noticed, and the color being the 
same would very naturally cause it to be set off with the great 
mass of stony blue clay lying below it. This hypothesis is all the 
more likely, as the offensive water from the sandy layer may then 
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be due to the vegetation and muck that would have accumulated in 
the bottom of the lake which immediately followed the deposition 
of the stony bine clay — a lake bottom which is also indicated by 
Mr. Xolan's well, at shout the same depth below the general level. 

In digging Mr. David MeCauley's cellar a large deposit of bivalve 
fresh-water shells was encountered. Other shells were found in 
digging the cellar of Mr. Longevin. These cellars are far above 
the river, and yet not so high as the general level of the country. 
These shells of conree belong to the period of the lacustrine clay, 
either during or following the last glacial epoch. 

There are said to be two terraces east of McCauleyville. One is 
four miles east, and consists of gravel, and one is thirteen miles 
east and consists of sand. There is a depression, or longitudinal 
basin, running north and south, between these terraces, in which 
water stands some years all summer. 

At and below Fort Abercrombie are large and numerous selenite 
crystals. They were found by Mr. Nolan about three miles below 
the fort, in the slope of the bank of the river, and by the soldiers 
near the fort in digging a well. They are said to have occurred, in 
the well, above a heavy deposit of boulders: hence seem to be in 
the drift, and not in the Cretaceous. 

Moorhead — In riding over the prairie from McCauleyville to Moor- 
head, a distance of about 30 miles, sometimes several miles east of 
the river, only seventeen granite boulders were seen on the surface. 
These were from six to twelve inches in diameter, and were entirely 
solitary, being generally half buried in the soil. There was seen 
no gravelly clay, nor small stones in clusters, nor any alkaline 
coating, all indicative of the drift clay, throughout the whole ride, 
but only a fine clay loam. 

The well of C. P. Sloggy, at the Bramble House, is 22 feet deep, 
and wholly in the lacustrine clay-, having struck at that depth a 
quicksand three or four feet thick, giving water. This well was 
recently dug (in May) and the water is tolerable, though evidently 
alkaline, and having a taste of the pine curbing. It is, however, 
less alkaline than water from the hardpan clay. It is said that 
there is a layer of sand all over this country, including Moorhead 
and Fargo, at about 22 feet, in which the same water can be got. 

The well dug by Sharp and Douglas, situated in the public park, 
is across the street south from the last', and has the same depth. It 
now tastes (June 23, 1877,) as if kerosene had been poured into it. It 
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was dug about a year ago. The kerosense taste is owing to the 
decay and discharge of the pitch of the pine curbing, and will 
probably pass off. 

Mr. Sloggy has another well dug to this layer of sand about a 
year ago, about two blocks further south, situated in the street, in 
an unfrequented part, which at first had a flow of good water, but 
finally became bad and had to be abandoned. On examination this 
was found to have the odor of decaying organic matter, and even 
of animal matter. It has been in disuse and shut for some months, 
the tight pine curb rising about 20 inches above the ground and 
covered with a board nailed over it. Hence the contamination 
cannot come from dead frogs' nor rats, nor yet from sewage nor 
from surface indraining. Like most of the Wells in the town the 
surface of the ground is elevated about the well, by throwing back 
round the curb the clay excavated in digging. 

At John Erickson's Brewery is a well 105 feet deep, dug about 
two months ago (April or May, 1877). This well is used at the rate 
of 15 or 20 barrels per day. It is curbed with pine. 



The Breicery Well at Moorhead. 

1. Lightclay 20 feet. 

2. Quicksand 4 feet. 

3. Blue clay with gravel and boulders 80 feet. 

4. Sand, with copioua water 

The water from the bottom of this well was under such hydro- 
static pressure that it lifted up bodily "about two feet" of the en- 
tire clay bottom of the well, and rose immediately about 80 feet in 
the well. The water is strongly alkaline, but bright and clear, and 
is used for beer-making in preference to that of the river. This 
well was too recently dug, and is too copiously used, to show any 
markedly bad effect from the pine curbing. 

The well of Lamb Bros, is sixteen feet deep, situated under the 
floor of a livery barn. It is curbed with pine. The water has an 
alkaline taste, which is said to be "sweet," and is very copiously 
used. It has never been noticed to be offensive, but will not do for 
washing. The clay here was but six feet thick, and the sand is 
said to have been ten. 

Jacob Thomas' well is 14 feet deep, curbed with pine, smells and 
tastes of decaying organic matter, but not strongly of alkali. 
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Fargo — The well at the Fargo House is 25 feet deep, and the water is 
now good — as good as any water. It was dug one year ago, and is 
curbed with pine. Probably the fermentation took place last sea- 
son. Indeed, a gentlemen who was at the house at Christmas af- 
firms it was not so good then as now; yet the landlady, who proba- 
bly would not notice a gradual change in the water, says it has al- 
ways been as now; although she also admits it did "taste of the 
pine and was cleaned out." Another gentleman says it was not 
used for a time. 

The well of J. C. Winslow is 25 feet deep, lately dug and just 
furnished with a pump. It is a good water also, as good as any 
hard water. The well is curbed with pine. For a time it was un- 
fit for use. 

At the Sherman House is a shallow well, dug four feet square, 
curbed with pine, has plenty of water which rises about ten feet, 
and is absolutely horrid with effete vegetable matter. It was dug 
last year, but has been in disuse for sometime. 

The well at the livery barn of A. H. Moore is a shallow well. It 
is curbed with oaken barrels and furnishes pretty good water, but 
has a pine pump running below the curbing. The water gives off 
a little sulphuretted hydrogen, but much less than the well at Mr. 
Moore's house. 

The well at Mr. Moore's house is 96 feet deep, curbed with pine. 
It is an alkaline water, and has a strong odor of sulphuretted hy- 
drogen. 

Mr. McHench's well was dug for a cistern and is about 12 feet in 
depth. It is bricked up and cemented. The water broke in at the 
bottom and has always been good. 

Mr. Roberts' well, near Fargo, is a shallow well, and smells very 
bad, but was very good at first. It has a pine curb. 

A number of other wells were examined at Moorhead and Fargo, 
but the facts were only a repetition of the foregoing. They were 
all shallow wells, curbed with pine, had good water at first, and af- 
ter a few weeks or months became foul and had to be abandoned. 

The lacustrine clay is thinner on the Moorhead side than on the 
west side of the river, and wholly disappears a few miles east of 
Moorhead, the alkali of the hardpan clay appearing in low exsic- 
cated spots. This occurrs before reaching the south branch of 
Buffalo river. 
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On visiting Moorhead again later in the season (September 1877) 
some of the wells that were unfit for use in June were found some- 
what improved, especially those that had been copiously pumped. 
The Bramble House well was not improved, but rather bad become 
worse. Mr. Sloggy referred to the well of Mr. Mangus Peterson 
as a curious illustration of the fickleness of the water in the Moor- 
bead wells. This is situated only across the street from his at his 
house, dug about the same depth (26 or 27 feet) and is curbed like 
his with pine, but affords the "best water in the town." . This 
seemed to imply that the fault is not in the curbing. On examina- 
tion of this well it was found, as stated, to afford as good water as 
Mr. McHench's in Fargo, and was dug in September, 1876. It had 
been so foul that it was not used for several months. This sum- 
mer it was emptied repeatedly and began to improve. The neigh- 
bors also began to use it, so that it soon acquired a reputation for 
its excellence. In this case the copious use of the well is what 
renders the organic impurities imperceptible. By standing it will 
probably relapse into as bad a condition as before. 

Glyndon — At Glyndon the wells are all alkaline, and also generally 
about sixteen or twenty feet deep. They pass at once into the hard- 
panclay. They are all curbed with pine. Only one is now fit for use. 
It is that of the house lately purchased of Major Tenny by James 
McLenan for use as a hotel. This does not taste of organic decay, 
but is strongly alkaline. The well at the present McLenan House 
is very foul, but the former is freely used by the whole village. 
The well at the Campbell House is not used. It is very heavily 
charged with organic decay in its foulest stage, and has been in 
disuse much of the time for four years. Though cleaned out about 
a year ago, and used slightly for a few months, it is still unfit for 
use. It is within a few rods of the above named well which ia 
used by most of the families of the village, and has about the same 
depth. Water from the well in general use was examined chem- 
ically by Prof. Peckham, and compared with a similar examination 
of that from the Campbell House, without showing any important 
difference in the impurities contained in solution. They are both 
hard waters. While from one is escaping constantly a volume of 
noxious organic odors, including sulphuretted hydrogen gas, the 
other is wholly inodorous, and is freely used for all domestic pur- 
poses. It is plain that there is something in the surroundings of 
the wells which causes the difference. They are both curbed with 
pine and were dug some years ago. It is also probable that the 
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copious use of the one keeps it substantially inocuous, while the 
disuse of the other intensifies the foul qualities. That in constant 
use is a large open well. That which is foul may be confined and 
covered. It is also evident that the bad qualities of these wells 
cannot be detected by the ordinary chemical examination of their 
mineral impurities. In other words, the foul odors arise from 
organic ingredients which are volatile. There is no other supposa- 
ble cause for these odors adequate to the explanation of bo preva- 
lent a disorder, than to attribute them to the decaying pine curbing 
which is co-extensive with the disorder. 

There are several other wells at Glyndon, but they are all bad 
from the same cause. They are sunk in gravelly clay, and get 
water in gravel. 

The well at the Round House, situated somewhat west of the 
village, was dug in 1872 by the St. Paul & Pacific Railroad, and is 
reported as follows by Chas. A. F. Morris, who was Chief Engineer 
when the well was dug: 

Bound House Well at Glyndon. 

1. Black soil lft.Sin. 

2. Yellow quicksand 12 ft. 

3. Blue quicksand, sheets of turf and vegetable deposits 3 ft. G in. 

4. Blue claj and drift wood 2 ft. 

5. Blue clay 2ft.7in. 

Total depth 21 ft. 6 in. 

This section is interesting, as it reveals a layer of drift wood 18 
feet below the surface. While this was probably deposited by the 
current of Buffalo river, which runs near Glyndon, during some 
earlier history of its channel, which then must have occupied a 
different position from what it does now, it may still be due to 
water-logged drift wood that was gathered along the shore of the 
Ancient lake that once extended to or even beyond Glyndon. The 
character of the material overlying the drift wood (" yellow quick- 
sand 1 ') strongly indicates the fluvial rather than the lacustrine 
origin of the drift wood. Its not having been discovered at other 
points is cumulative evidence of its not extending generally under 
the country about Glyndon, as it would be more likely to do if of 
lacustrine origin. Hence it is not likely that the bad odors of the 
wells there are attributable to vegetable decay from that source. If it 
were demonstrated or admitted that vegetable decay is the cause of 
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these odors, it would be folly to overlook the chief known source of 
such contamination (the pine curbing) and search for it in the soil 
or clay, or buried drift wood. 

At Fisher's Landing, just below Crookston, on Red Lake river, 
the grade of the railroad is made of gravel, rounded by water 
action, similar to that seen in a number of places along the road 
between Glyndon and Crookston, where wave-action has carried 
away the clay from the drift, and has left the gravel stones strewn 
over considerable areas. A double handfull of these pebbles, from 
one-half to one inch in diameter, picked up without selection, 
afforded seventeen of fine, compact limestone, and four of meta- 
morphic rock. This shows probably an average proportion of 
limestone pebbles to metamorphic in the drift of the Red River 
valley in general; though it is probable the limestone pieces would 
be more numerous still further north, and less abundant toward 
the south. These limestone pieces are strewn with the drift all 
over the western portion of the State, even to the Iowa state line, 
large pieces sometimes beiag found in the southern tier of counties. 
They come from the Winnipeg limestone. 

Winnipeg — By the courtesy of the officers of the Red River 
Transportation Company the party were taken to Winnipeg and 
there made further examinations. 

Connell and Burke's well, du£ about. a month, is 56 feet deep. 
The water was at first good, but now has a faint, taste of sulphu- 
retted hydrogen. This may be attributed to the wood curbing 
placed in the well, which is of spruce. The well went through 40 
feet of fine brick clay, and 16 feet of stony clay, with boulders of 
granite and limestone. 

Wm. Hespeler's well on a lower terrace level, dug three years 
ago, was used last year by two water-carts in distributing water 
throughout the city, and was good, but now it is little used, and 
has a sulphuretted taste. It passed twelve feet through brick-clay 
and obtained water in quicksand; has pine curbing. 

Wm. Hespeler's old well, on the same level, dug four years ago 
near the last, formerly had a sulphur taste, but now furnishes a. 
beautiful cold water. It is also twelve feet deep. It has a pine 
curbing. 

Thos. Maxwell's well is near the last two; was dug this spring, 
and furnishes perfectly good water. It is the same as the last two 
in all essential particulars, except that it is copiously used by three 
water carts in delivering water in the city. Its depth is also a lit— 
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tie greater, but the water is from quicksand. The overlying clay 
was found to be, as in those, about 12 feet. No stony clay was met 
with in these wells. 

The Messrs. Chambers Brothers have just completed a .well, and 
put in wooden curbing. It is on the upper flat and 57 feet deep, 
much of the depth being in a atony clay. The water is alkaline, 
and as yet has no taste of sulphuretted hydrogen, or organic odors." 

The well at the Union Hotel is "sweetly alkaline." It is just 
dug, has a wooden curbing, and is 57 feet deep; in gravelly clay. 

The well at the Free Press building was dug four years ago, and 
is 59 feet deep. The water is alkaline and sulphuretted. The well 
is curbed with pine, which still affects the water. The water rises 
from a gravelly clay deposit near the bottom, and stands within ten 
or twelve feet of the surface. It is not much used. 

[Notk — The first well of Mr. Hespeler, mentioned above, is at the Orilla 
House. It is near a barn, with a mamire pile very near. It was foul, and on 
being cleaned two or three dead gophers were taken from it. His second well is 
at hiB brick block, but not more than forty feet from the first. It was also foul 
and "stagnant" last year, but on being more pumped became good again. The 
Maxwell well is between them and in a low barnyard or muddy spot. It is used 
by three water carts. The tight clay of which the surface consists seems to shed 
all surface impurities whenever the slope is away from the well. This is shown 
by the Maxwell well which, though favorably situated for surface indrainage, is 
perfectly free from, these bad odors, and is largely used.J 

The lime rock at Andrew's Rapids, twelve miles below the city of 
Winnipeg, is quarried and used for all building, and even as dressed 
cut-stone for large ornamental fronts. That at Rocky Hill, or 
Stony Mountain, where the penitentiary is built, 17 miles north- 
west of the city, seems to be of the same general age and texture, 
but is more fossiliferous and irregular. Its color is a light buff, or 
faded drab. It is in all respects, exactly like the boulders and 
gravel strewn so abundantly over western Minnesota. 

At this place the lacustrine clay makes a cream-colored bncfe. 
Below it, or in it, is a sand layer, which does not seem to be every- 
where met, which gives good water not perceptibly alkaline. The 
drift-clay below gives u strongly alkaline water. There are some 
artesian wells in this neighborhood which rise from below the blue 
drift-clay, or hardpan. 

White Earth— Mr. G. A. Morrison, of the White Earth Indian 
Reservation is authority for the statement that the same difficulty 
with bad water is encountered there. The wells are dug in the drift 
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clay, and are all curbed with pine, with one exception. That also 
was at first, but the curb was taken out and stone walling was 
put in. The water was bad before the change, but now it is good. 

Detroit. — Wells at Detroit enter gravel within twenty-five or 
thirty feet, and find a good lining and chalybeate water in abund- 
ance. Wells are curbed with pine. The country here is rolling, 
and the drift clay is very gravelly; indeed the gravel which fur- 
nishes the water of wells seems to rise to the very surface. No 
trouble with foul water. 

Perham. — Here the soil is a loam, and the subsoil and drift are 
gravelly, allowing free underground drainage. Water-is found at 
20 and 30 feet. Some pine curbs have been used, but there has 
been no trouble with foul water. The supply is copious. 

Brainerd. — Many of the wells curbed with pine at this place are 
foul in the same manner as at Fargo, Breckenridge, &c. Atten- 
tion was directed to the fact by Dr. J. C. Rosser, of Brainerd, in 
connection with the occurrence of numerous . cases of typhoid 
fever which had been attributed to the use of bad well-water. 
The soil here is sandy, with some clay, with a clayey sub-soil. 
In company with Dr. Rosser and Dr. V. C. Smith, of Duluth, 
the writer visited and examined about twenty wells. They were 
found to be all curbed or walled with pine. They have an 
average depth of thirty-five to forty feet and penetrate a stony clay 
deposit. They have mostly been dug for a number of years. 
The majority have a distinct taste of decayed wood, and are turbid 
with floating particles from the pine. The smell is not so rank as 
in many in the Red River Valley, and in most of them no offen- 
sive odor can be distinguished, though to the taste there is a dis- 
tinct trace of organic decomposition. They seem to have a great 
deal of detached floating (or suspended) fungus growth, which is of 
a yellowish-brown color and inodorous. These wells are in what 
might be styled the second stage, or one of fungus growth and dead 
wood, which is a natural sequence of the rank and odorous stage 
which they first pass through. The occurrence of frequent cases of 
typhoid fever both at this place and in the Red River Valley, taken 
in connection with bad well-water in both places, was suggestive 
of the possible existence of a common cause. It was for this rea- 
son that Dr. Rosser desired an examination of the Brainerd wells. 
Three samples were procured for chemical examination. They were 
examined by Prof. Peckham with the following results : 
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Analysis of Welt Waters from Brainerd. 
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No. 49, above, was from a well used by a family in which there 
had been a recent case of typhoid fever. The water had been con- 
demned some time before, and the well cleaned. with the discovery 
of several dead mice; but since the cleaning the water had not been 
noticed to be bad again. The fever occurred after the use of . the 
well subsequent to its being cleaned. At the time the sample was 
taken the well had been standing again unused, from the removal 
of the family, for a few weeks. It has a pine curbing. On visiting 
this well it was found to be perceptibly contaminated with organic 
decay, which was perceivable by the smell as well as by the taste. 

No. 50 was from a well that was not known to have any bad 
taste or to have been accompanied, in its use, by any cases of fever, 

though curbed with pine. 

No. 51, at the Leland House, there had been several cases of typhoid 
fever during the summer. Indeed, with the single exception of the 
case in the family of Mr. Alsop, all the cases in the town, (season 
of 1877) were confined to this house. Th^ water from this well, 
which is in the kitchen and not well protected from surface in- 
drainage, has a distinct odor and taste very much the same as those 
in the Red river valley, though less rank. This well is curbed 
with pine. 

These analyses give abundant evidence of organic matters in 
these wells. The albuminoid and free ammonia can have no other 
plausible explanation ; bnt although at the present time their nse 
is visited with typhoid fever, they are no worse than many others 
which were examined, and probably no worse than most of the 
wells of the place that are so curbed, during some former portion . 
of their history. In former years this town has been severely af- 
flicted with typhoid fever. At one house, formerly use as a hotel, 
it had been so common that the house was for some months a very 
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hospital of typhoid fever, but now is not so much troubled. This 
well, however, is still bad from the same cause, but has passed its 
foolest stage. In other cases when these wells have been unused 
for some time, the odor becomes intensified; and it is a singular 
fact that familiarity with and use of the water renders it impossible 
to distinguish it, and even makes it agreeable. The most of the 
wells examined were said to have "good water" by the owners. 
Occasionally a man is found who says his well "tastes of the wood;" 
and also one occasionally who really knows that the water becomes 
foul from the pine, and recommends instead that oak be used. 

In Mr. Follet's well, near Mr. Alsop's, the decay is just begun, 
the well having been dug this summer. It shows in iridescent 
films that float on the surface of a cupful, but does not now taste 
very bad. 

Herman. — The deep well at this place was drilled by C. E. 
Whelpley, of Minneapolis, and the following record of it was fur- 
nished by him : 



Water from the top of the roek rose to within six feet of the sur- 
face. There was considerable coal on the surface of the rock. The 
rock was very hard to drill and showed several changes within the 
sixty-five feet. The following letter may here be given pertaining 
to this well. 

Minneapolis, Minn., 23d March, 1876. 

C. E. Whelply, 1506 3% Street South: 

Dear Sir : — I have just received your letter of March 22d, written at Herman, 
containing samples of rock taken from near the bottom of the well yon are drill- 
ing there; in which yon ask me what kinds of rock they are, and the probability 
of getting a flowing well by d rillin g deeper. The samples are as follows, as yon 
numbered them, in descending order. 

No. 1. "Found 124 feet under bine clay, seven or eight feet thick." This is 
the same atone as the limestone boulders that lie strewn over the surface of the 
Red River flats from Winnipeg to Big Stone Lake and beyond, and is found out- 
cropping at the surface beyond the limits of Minnesota in Manitoba. It is a fine 
grained, buff, magnesian limestone, of the Silurian or Devonian age. Your let.- 
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ter seems to convey the idea that this lies in a layer seven or eight feet thick im- 
mediately over the rock of the next number. That would be anomalous and un- 
expected. It is very probable that this fragment is from a drift boulder, and 
that the thickness of seven or eight feet was occupied with a compacted boulder- 
mass, mostly made up of such rock. It is true that nearly all the boulders and 
gravel of the drift in that whole region are of this rock, and, according to a well 
known fact, boulders are much more frequent in the lowest ten feet of the drift 
than in any other part. *»»*»*#* 

No. 2. This is a quartzose, granite, parti-colored by flesh-red feldspar. It is 
but a small piece, but is compact and fresh. It has but little mica. 

No. 3. This is a white, micaceous quartayte, in which there seems to be a little 
gray labradorite. 

No. 4. This is a fragment of crystalline feldspar, with one rectangular cleav- 
age, and a dull, vitreous luster, — an orthoclase. 

No. 5. This fragment consists of glassy quartz and mica. 

No. 6. Mica schist, with associated tatcose rock. 

No. 7. Mica schist with veinings of calcite. 

No. 8. Mica schist, changed in color by heat applied since it was taken out of 
the well. (Same as No. 6.) 

No. 9. Coarse mica schist. This came from a depth of 186 feet, and is said to 
have begun at 180 feet, 

A glance at these samples is sufficient to show that your well is now in the 
meteinorphic rock, the strata of which are discordant and highly tilted, and from 
which there are no instances of artesian overflows that I have ever heard of. All 
our artesian wells are in higher geological horizons. I should unhesitatingly 
discourage you from drilling any deeper in hope of getting a flowing well. These 
rocks are several thousand feet in thickness, and are followed by granites and 
syenites, in which there is no better chance of artesian water. 
Very respectfully, 

N. H. WINCHELL. 

The Surface Geology of the Country. 

It is not possible to give a full account of the surface deposits of 
the valley of the Red River of the North, This sketch will be 
confined to such general views as may be gathered from a hasty 
reconnoisance, based on such facts as an inspection of the banks of 
the river at numerous points and the examination of the foregoing 
wells have afforded. The full details will have to be filled in by 
subsequent and more elaborate exploration. 

It is found that the lowest portion of the drift consists of a Btony 
clay, which below contains more abundant gravel, and throughout 
many stones and boulders. It is also probable that many wells 
which have been supposed to have passed through it, have only 
struck water-bearing courses of gravel or sand in the clay itself. 
This deposit is generally blue. When it is at the surface it is 
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lighter colored. The stones which it contains are from various 
formations, but about 75 per cent, of them seem to belong to the 
Winnepeg limestones. The rest of the stones are granitic. This- 
clay also contains Cretaceous debris, such as slate and lignite. Such 
lignite sometimes is rather plentiful, and indicates that the Creta- 
ceous formation, which is rather fragile and incapable of enduring 
long transportation, underlies large portions of the valley, if not 
the whole of it, and that the clayey portions of the stony clay have 
been very largely derived from the disintegration of thb formation. 
This is further evinced by the occurrence of crystals of selenite in 
the drift deposits near Fort Abercrombie, the sulphate of lime 
being one of the alkaline salts that seems to have been abundantly 
in solution in the waters of the Cretaceous ocean. This vast clayey 
deposit of unmodified drift rises to the surface round the margins 
of the valley and spreads out in extensive flats, on both sides of the 
river, and between Breckenridge and Big Stone Lake toward the 
south. This flat surface passes by insensible degrees to one more 
rolling, and at the same time becomes more stony, toward the east, 
making the bulk of the Leaf Hills in Minnesota, and toward the 
west making the Coteau de Prairie in Dakota. It is essentially and 
typically a glacier-deposit, its varied aspects being due to the agency 
of water, present at the time of deposition, and either running with 
considerable current so as to wash out the clay and make stratified 
gravels and sands within the mass, as in the Leaf Hills and in the 
Coteau, or in the form of standing water, by which the clayey parts 
were retained and the whole spread out with a smooth upper sur- 
face, without much modification of structure. 

After this drift clay was deposited there was for a long .time a 
large lake of fresh water standing over the valley of the Red River 
of the North, which had an outlet toward the south by way of the 
Minnesota valley. This lake probably began its existence during 
the last period of ice, and was caused, at least during the latter 
part of its prevalence, by the glacier ice itself, which obstructed 
the northward flow which the natural slope of the country indi- 
cated and required. This lake began its existence on a much more 
restricted scale near Big Stone Lake, and it received and spread out 
evenly, as already noted, the glacier drift as fast as the glacier 
brought it forward. It grew toward the north as fast as the retreat- 
ing ice sheet made way for it. At length, when there were partial 
or periodical openings in the northward outlet by way of Winni- 
peg, its shore line advanced or receded as the outlet opened or 
closed by the seasons of the waning glacial winter. Hence the 
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fine deposits which it spread widely during the times of its highest 
stages were withdrawn by the receding beach line during the times 
of its shrinkage and partial discharge northward. Hence the 
lacustrine clay is not spread so widely as would be expected from 
the existence of beach marks at some elevated levels. 

It was the water of this lake during its period of agitation and 
instability that produced the next noteworthy member of the drift 
deposits in the Red River valley. This is a layer of gravel and 
sand, sometimes containing fresh water shells in abundance, as at 
McCauleyville, which nearly everywhere underlies the lacustrine 
clay and affords water. This sometimes is several feet thiek. It 
lies directly on the upper surface of the boulder clay, but it does 
not extend generally over that surface where the lacustrine clay is 
wanting. 

The lacustrine clay is horizontally stratified, and contains no 
stones (at least none have been seen) nor gravel. It is fine and 
close. It is of a yellowish or earthy color; or at considerable 
depth it may be bluish. It makes cream-colored brick. It contains 
less of the "alkali" than the drift clay Its area is about twenty- 
five miles wide in Minnesota, but it extends westward into Dakota 
with about equal width, or perhaps greater, and runs northward 
into Manitoba with an increasing width and thickness. It is barely 
found south of Breckenridge. Its special' location is along the 
river, covering a belt on either side, and widening east and west up 
the tributary valleys. But the most of the surface of the Red 
River valley, within Minnesota, seems to be formed of the drift 
clay, showing stones and gravel in abundance. There is not much 
doubt that this lacustrine clay wad once spread more widely over 
the surface of the drift clay, and was removed by the action of the 
slowly retreating shore line. 

The latest of the surface deposits is the alluvium of the river, 
which sometimes becomes a very important one. Its amount and 
area are greater further north. While this is generally an incohe- 
rent, amorphous and arenaceous deposit rich in vegetable humus, 
and is confined to the immediate valley between the bluffs formed 
of the older foregoing clays, yet there are some places where it is 
more compact, and has an undulating stratification that somewhat 
resembles that of the lacustrine clay into which it then seems to 
pass. Such cases are not common, however. It is this deposit 
that bears the timber that occupies the valley. It is much more 
abundant where the lacustrine clay forms the river banks than 
where they are composed of drift clay. 
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The adjoining diagram, representing a transverse section of the 
valley at Moorhead, illustrates the superposition of these parts of 
the drift. 



Section across the Red River Valley at Moorhead. 

The Chemical Peculiarities of the Waters of the Valley. 

In general the waters of the entire valley are alkaline*, whether 
taken from wells, springs or running streams. That is to say, they 
contain considerable amounts of lime, magnesia and soda, combined 
as sulphates, carbonates and chlorides. They are not often very 
bitter, indicating a moderate amount only of the chlorides of cal- 
cium and magnesium, but they contain on the other hand not a 
sufficient quantity of sodium chloride to allow of denominating 
them saline. The soda is probably in the form of bicarbonate, with 
a small proportion ot chloride, the lime as carbonate and sulphate, 
and the magnesia as sulphate. Indeed the most predominant taste 
is that of sulphate of magnesia, or epsom salt. The waters of the 
valley are not equally affected by these mineral ingredients. Those 

*Tbe analysis of the "alkali" ol the western prairies, taken from the south bend of 
Moose river, in Dakota territory, by Prof. E. H. Twining, is given in the report of the 
Superintendent of Public Instruction of tbe State for 1870. [Ex. Docs, of 1871.] 

1. Coarse gravel, principally quartz 28 per cent. 

2. Finer material, principally quartz sand 18 per cent. 

3. Fine dost, (passes through a sieve of So to an Inch 64 per cent. 



Total 100 per cent. 



Loss by Ignition (water and organic matter). 3 9» percent. 

Insoluble In acids (principally quartz sand) . . . 6? 47 percent. 

Soluble silica l 86 per cent 

Sulphuric acid Iti per cent. 

Carboolo acid .. B 98 percent. 

Potash l oft per cent. 

Soda -.- 6 In per cent. 

Alumina and Sesquloxlde of Irnm l 72 per cent. 

Chlorine Trace. 

Total 99.96 per cent, 



^Google 



34 ANNUAL REPORT. 

springs or wells that obtain their water from the drift clay are . 
the most uniformly and strongly affected. Those whose source ia 
in the lacustrine clay, or from the sandy layer between it and the 
drift clay, are much leas alkaline, as a general rule, though it is not 
at all impossible that that layer should contain water derived im- 
mediately from the underlying drift clay, which would be as strong- 
ly alkaline as any directly from the drift clay. The waters freest 
from these mineral impurities are those found in the streams. Of 
these streams those will be found least alkaline that now wholly or 
mostly over the lacustrine clay, and hence they are in the northern 
portion of the valley, where the lacustrine clay spreads wider. The 
water of the Bois des Sioux is purer (so far as these ingredients are 
concerned) than that of the Otter Tail. The former is the outlet of 
Lake T ravers, and it is confined wholly to the immediate river val- 
ley, having only inconsiderable streams flowing from the drift clay 
surface. The Otter Tail, on the other hand, rises in the Leaf Hills, 
and flows for several miles, and nearly its whole course, over the 
alk aline drift clay. 

These alkaline qualities are remarkably affected by organic im- 
purities. In some of the natural waters of the valley this effect is 
noticeable, particularly in those which are sluggish. Some low 
grounds, in which vegetation grows rankly some portions of the 
season, but in which these alkaline waters collect and stand for 
some weeks or months during the early part of the following sea- 
son, are offensive with sulphuretted hydrogen, while the waters 
themselves are foul and sickening. Such effects are due to the re- 
action of the decaying vegetable growths on the alkaline salts of 
the water, which converts the sulphates into sulphurets, which in 
turn are changed by the carbonic acid present, with the separation 
of free sulphuretted hydrogen, and the formation of carbonates. 
The small streams of the valley are also apt to be nearly stagnant 
during the summer season while they choke up with grass and oth- ■ 
er vegetation, and become heavily charged with organic matters. 
These react on the sulphates and materially affect the mineral con- 
dition of the waters, and their usefulness for domestic or agricult- 
ural purposes, They generally continue to be used for watering 
places for stock, and are sometimes hauled in barrels for household 
purposes. If these reactions are perfectly balanced by even por- 
tions of organic matters and alkaline minerals the soluble sulphates 
in the water may be wholly converted into insoluble carbonates, 
thus mainly freeing the water both of organic acids and of the usual 
mineral ingredients. But this is usually not the case. In the 
spring months, and during. wet seasons, the alkaline ingredients 
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overbalance the organic acids; but during the summer and fall, 
when the springs run low, and the developement of organic sub- 
stances, and their decay, are most active, the organic impurities are 
in excess of the alkaline, and the waters show their worst condition 
— which is prolonged by the flatness of the surface, and the conse- 
quent slowness of natural drainage. 

The waters of the valley generally do not have an offensive odor. 
It is only in stagnant and confined water these effects are noticea- 
ble. The chemical interaction is so slow that the resulting gas es- 
capes unobserved, and the waters are slowly purified by the change. 
Suspended organic matter is also rapidly oxydized by contact with 
the atmosphere. 

The following report of Prof. Peckham to Dr. C. N. Hewitt, 
shows more fully the chemical peculiarities of the waters of the val- 
ley from different localities : 

Dr. C. N. Hewitt: 

Mt Bear Sir— I have the pleasure of submitting tie following report of the 
examination that I have just concluded of the specimens of water collected on 
our trip through the Red River Valley. They were gathered from tie following 
named localities i 

No. 1. The flowing well at Tintah, St. P. & P. B. R. 

No. 2. St. Gabrielle Springs, near Campbell, St. P. & P. R. R. 

No. 8. Well at Campbell Station, St. P. &. P. R. R. 

No; 4. Otter Tail River, at Breckenridge, St. P. & P. B. R. 

No. 5. Boia des Sioux, at Breckenridge, St. P. & P.(R. R. 

No. 6. Well at Connelley'a, on river, four miles northwest of Breckenridge. 

No. 7. Wild Rice River, west of Fort Abercrombie. 

No. 8. Well at Nolan's Hotel, McCauleyville. 

No. 9. Well at Brewery, Moorhead (Artesian). 

No. 10. Well at Bramble Bouse, Moorhead (surface). 

No. 11. Well at Glyndon, good — in general use. 

No. 12. Well at Glyndon, bad, McLenan's. 

No. 13. Town Well at Breckenridge. 

They were selected for the following reasons: 

No. 1 was from a well that was dug only a few feet into the level prairie, 
which furnishes a stream of water constantly flowing over its brink. The water 
of this well is considered of fair quality, and is used at several of the stations 
on the St. P. & P. R. R. in that vicinity. It was therefore thought best to ex- 
amine it. 

No. 2 is from St. Gabrielle Springs about 2% miles from Campbell Station on 
the St. P. & P. R. R., situated on the banks of a small stream called Rabbit 
River. These springs are the only natural outlet for water in that part of the 
country so far as could be learned. 
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No. 3 from the well at Campbell Station was represented as being verj bad, 
and quite unlike either Nos. 1 or 2. As this well was quite deep and in the im- 
mediate neighborhood of 1 and 2 it was thought desirable to know in what re- 
spects they differed. 

No. 4 is considered by the inhabitants to be the beat water in the uppsr Bed 
River Valley, and with No. 5 is extensively used along the banks of the two riv- 
ers. As these two waters in mingling form the Red River, it was thought desir- 
able to ascertain their quality and their differences, if Buch existed. 

No. 6 was selected because there was reason to believe that it was the river 
water filtered through beds of gravel which formed the river bottom at that 
point. It was thought desirable to know if such filtration removed mineral mat- 
ter from the water. 

No. 7, from a tributary of the Red River has a bad reputation. It was thought 
advisable to compare this water with that of the Otter Tail. 

No. 8 appeared to be bad from excess of mineral matter, and at the same time 
it was different from the well at Breckenridge. For that reason it was thought 
best to examine it. 

No. 9 was selected as representing the water of a very deep well, and No. 10 
as representing the water of a shallow well from the same locality, that had been 
recently dug. It was thought best to compare them. ' 

Nos. 11 and 12 were from two wells very near together and very unlike, one 
being considered very good and the other very poor. It was thought best to 
compare these and ascertain if possible why the water in the bad well should 
have become sulphurous. 

No. lit was the town well at Breckenridge. When selected it was supposed 
to represent the bad well water of that locality. It was probably much worse 
than the average. 

The accompanying table gives the results of the examination of these speci- 
mens. In estimating the total mineral and organic constituents, 100 c. c. were 
evaporated over a water bath and when dry the residue was heated to 130 deg . 
C. in an air bath. It was then cooled and weighed, and the amount calculated 
as "total solid residue." This residue was then heated over a Bunsen's lamp 
and the organic matter burned off. The residue remaining was calculated as the 
mineral matter in solution and the difference as volatile and organic matter. 
This difference can not be safely computed as organic matter excepting in those 
cases when the min eral ingredients existed chiefly in the form of bi-carbonatea . 
Sulphates in some instances and chlorides in nearly all, retain water at 130 deg . 
C. and when the amount of such salts is comparatively large, they prevent tie 
complete combustion of the organic matter by fusing and enclosing particles of 
carbon- No. 13 may be noticed as an example of this difficulty. The organic 
and volatile matter estimated from difference is 91.412 of which only 22.298 
grains is actually organic matter. 

The soap test was then employed to determine the total hardness, permanent 
hardness, and by difference, the removable hardness. Alse the sulphuric acid, 
jime and magnesium. This test gave satisfactory results on all of the specimens 
but one. In No. 11 the permanent hardness was greater than the total hard- 
ness; that is, the water was harder after boiling than it was before. The tests 
were repeated until no doubt could be entertained of the fact. I cannot explain 
this anomalous result- For SO3 the soap test appears to give very satisfactory 
jesulte, but for lime and magnesia the process as described are highly empirical 
and give results of but little or no value except when applied to water containing 
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those bases as carbonates, and which at the same time is free from alkaline sul- 
phates and chlorides. Waters containing the last named salts are rendered 
harder by them. If then the total hardness is used as a basis for the estimation 
of the lime, it is obvious on a moment's reflection, that if, as advised by Parke, 
the total hardnesB in tenths of a cubic centimeter be divided by four and a drop of 
ammonium oxalate solution added for every tour degrees of hardness in a carbonated 
water, the same rule applied to a water containing alkaline chlorides or sul- 
phates would cause an addition of anexeess of the precipitant which adds 
to the hardness. For this reason I found it impossible to estimate the lime 
by the soap solution in Nos. 7, 9, 11 and 12. I have but little confidence 
in the results given for the other numbers. The magnesia was still worse 
for the entire hardness produced by alkaline chlorides or sulphates is in- 
cluded in the magnesia by Parke's method, as neither chlorine or sulphuric 
acid in combination with the alkalies is precipitated either by boiling or by 
ammonium oxalate. I have therefore omitted the estimates of magnesia in 
all cases as in those in which the determination was made. I had no reason to 
■ believe the figures reliable- The chlorine was estimated by a standard solution 
of silver nitrate, verified in Wo. 13 by precipitation and weighing; in which case 
the results corresponded to one one-hundredth of a grain ■ 

We have reliable data therefore for comparing the waters in reference to the 
amount of min eral matter in solution, the total and permanent hardness, the 
sulphuric acid and the chlorine. 

A comparison of the dift'erent specimens shows a range of amounts of mineral 
matter in solution varying from 6.304 grains to 390.158 grains in a gallon - 

Numbers 13 and 8 are properly termed mineral waters. Numbers 1, 2, 3, 10, 
11 and 12 are very hard well and spring waters; numbers 6, 7, and 9 are ordi- 
nary hard waters, while numbers 4 and 5 are quite pure river waters when we 
consider that they flow from and over sedimentary formations . 

Numbers 4 and 5 are quite free from sulphates and chlorides. It will be 
further observed in reference to the remainder that with the exception of number 
13 the sulphates are not extremely large, while again excepting number 13 the 
chlorides are very large, especially in numbers 7, 8, 10, 11 and 12. These re- 
sults are unexpected, and I am especially surprised to obtain unmistakable evi- 
dence that the water of the Bois des Sioux river is purer than that of the Otter 
Tail — in tact is the purest water in the valley. A remarkable difference is also 
observed between the water of these rivers and that of the well at Conelley's . 
The mineral matter has increased about four fold, the chlorine seven fold, and 
(he sulphuric acid three fold- These facts imply that the well water cannot be 
simply the river water, filtered through the gravel of the river bank . 

So far as these results bear upon the subject of our inquiry they show that the 
waters of the Red River Valley do not contain large amounts of sulphuric acid, 
but that they are heavily charged with chlorides, probably largely combined with 
lime and magnesia. As a consequence they produce very hygroscopic residues 
when evaporated, and the accurate determination ot the total solid residue or 
mineral constituents becomes extremely difficult if not impossible . An examina- 
tion of the table shows that in every specimen in which the chlorine is large the 
organic and volatile matter is also large . This is not on account of an excess of 
organic matter but because the latter item is estimated by loss, and the loss con- 
sists of water retained at 130 deg. C, and also of a part of the chlorine from the 
decomposed magnesium chloride. 
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I cannot venture an opinion based upon these results, as to the cause of 
the water of many wells becoming faitid on standing, ot when the well is used 
but little or not at all. Number 11, is a colorless, odorless water, used by the 
entire population of Glyndon. Number 12. is from a well but a few rods distant 
from No. 11 . It is of a yellowish color, contains a black sediment, and is heavily 
charged with sulphuretted hydrogen gas. Examination has thus tar proved 
them to be of the same general character, with no difference in any respect that 
can be regarded as important. If the solution of this question is deemed desir- 
able, I should recommend the selection of a number of typical specimens and 
their complete analysis, for organic, as well as mineral constituents. I should 
also advise a microscopic examination by an expert if possible. I would recom- 
mend as preliminary to the selection of these specimens, a further exploration of 
the valley, and an examination by the soap test, and for chlorine, of a large 
number of waters, particularly those from springs, and if possible from wells 
that are free from exposure to filtration of surface drainage, and filth filtered 
from sink drain?, barn yards, and the streets of towns. 

As an illustration of the difficulties attending the drawing of any conclusions 
from the results thus far obtained, Number 9 may l>e mentioned. The perma- 
nent hardness is less than in any other specimen, indicating an absence of mag- 
nesium, sulphate and chloride. There was no calcium and magnesium chloride 
in the residue. Therefore,' no water was retained at 130 deg. C- The 9-147 
grains of organic and volatile matter is doubtless organic matter, and is a com- 
paratively large quantity. Thesource of this organicmatter it is impossible to 
determine, unless its character be ascertained . The water smelted as if contam- 
inated with sewage from a sink, and may contain the soakage from the Brew- 
ery in which it is situated, or the organic matter may be derived from the clay . 
The bad well at Glyndon la near a barn, and the surface around it was covered 
with kitchen slops when the specimen was obtained. The residue from the 
water had a decided odor of urine. The question whether these organic con 
taminations are derived from the subsoil or from surface infiltration, becomes 
therefore a fundamental consideration, with reference to the prevention of cure 
of the undoubted bad qualities of most of the water examined . The amount of 
calcium bi-carbonate is not large in these specimens of water, while chlorides are 
abundant. It would not therefore be advisable to recommend the use of Clark's 
lime process. 

An examination showed the clay to contain a large amount of organic matter. 
No other result could have been expected. Respectfully subraitted, 

S. F. PECKHAM, 
State Chemist. 
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Conclusions. 

The foregoing ascertained facta will warrant the statement of 
sundry conclusions which may be given briefly as follows: They 
pertain to the solution of the question — whence come the foul 
odors of the wells in the Red River region? 

1. The drift clay affords a strongly alkaline water. 

2. The lacustrine clay affords a slightly or non-alkaline water. 

3. There ia generally a water-bearing stratum of sand, or of gravel and sand, 
between the lacustrine and drift clays, which affords a good water in nearly all 

4. The drift clay comes largely from the disruption of the marine Cretaceous 
clays, and that accounts for its greater alkaline qualities — while, 

5. The lacustrine day is a deposit of superficial fresh waters. 

6. There is a water-bearing stratum in or near the bottom of the drift clay 
which is under considerable hydrostatic pressure, and water from it rises newly 
or quite to the natural surface. 

7. Nearly all of the wells in the Red River Valley are curbed with wood of 
some sort, generally pine. 

8. This wood undergoes rapid changes due to the chemical reactions between 
organic adds and alkaline waters, as above described under natural drcumstan- 

9. This source of foul odors is abundantly auffident to account for all the phe- 

10. The organic matters cannot come from the lacustrine day, because the 
odors are equally prevalent all over the western part of the state where no lacus- 
trine clay is found. 

11. These organic matters cannot come from the drift clay, because they are 
found in wells that do not enter the drift clay. ' 

12. Any organic matter in either of these clays would have long since passed 
through the stage of decomposition necessary for the production of such gases, and 
entered into a carbonaceous and fixed condition. 

13. The assumed cause of these odors, whatever it be, must be one that ia co- 
extensive with the effects — hence, 

14. They cannot come from surface indrainage, since they occur in wells where 
that is impossible. 

15. They cannot come from sewerage or other artificial underground BOurces, 
because they occur generally in wells where such contamination is impossible. 

16. This fermentation of the sap and pitch of the pine sometimes has the 
effect of giving the less alkaline waters of the valley, in its indpient stage, a 
taste as of kerosene, and the appearance of small globules and films of oily 
consistency and spadtic gravity floating on the surface. 

17. The effect of this change may be obviated, or mitigated, by copious use 
of the wells; and it may be wholly avoided by using earthen or iron pipes, and 
discarding the wooden curbing. 

18. Shallow, open wells, dug in the surface of the prairie and having alkaline 
water, may become offensive in the summer, though without curbing, by the 
decay of fine organic particles blown into them, or washed into them, from the 
rank vegetation of the prairie turf. 
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In the progress of this investigation the writer "became impressed 
with the sufficiency of pine wood to produce such odors, by a simple 
test experiment; viz: 

Two quart glass jars were filled with good well-water, not alka- 
line, taken from the same well. Into one was put a quantity of pine 
chips, but into the other nothing was placed. They were exposed 
to the atmosphere of the same room, the glass stoppers being in- 
verted and loosely placed over the wide mouths. While the jar with 
nothing but clean water remained clear and inodorous during the 
continuance of the trial, and indefinitely thereafter, the other went 
through the changes indicated by the following. 

Records. 

Dec. 4. Place a quantity of seasoned pine sticks in a wide -mouthed glass jar 
in common well water. The jar stands on a table in a wanned room, loosely 
covered by the inverted glass stopper. The sticks all float. 

Dec 5. A portion of the sticks have sunk to the bottom of the jar, and small 
bubbles of some gas adhere to some of them. 

Dec. 6. Hearly one half of the sticks have settled to the bottom. The jar 
when uncovered smells strongly of fresh pine. Gas bubbles are more numerous. 

Dec. 7. There is no noteworthy change. 

Dec. 8. There is no noteworthy change, except perhaps a stronger pine odor. 

Dec 9. The pine smell is very strong, and less fresh. 

Dec 14. A thin scum floats on the surface. There is an odor of sourness. 

Dec. 19. The floating scum begins to settle, some of it swimming in the 

Dec. 21. The scum on the surface adheres to the glass, and looks gummy. 
The odor is less sour, and somewhat offensive. 

Dec 25. The odor is offensive, and there is a gelatinous gum adherent on the 
glass, and along the water level. 

Dec. 28. The odor is strongly offensive. 

Dec 31. The odor is very offensive and foul, as from organic decay. There 
is a white, gelatinous or gummy scum, as of fungoid growth, adherent on the 
glass about the water level, and floating in flocks on the surface. It sometimes 
appears, especially on disturbance of the jar, in globular masses of % to ^ inch 
in diameter. 

Jan. 1. The microscope reveals great numbers of organic germs, which are oval 
in shape and appear to be of the Cilia ta. 

Jan. 10. A jelly-like fungus, about a quarter of an inch thick, floats about in 
the water and on the surface- The odor is very offensive. 

May 1. There is a swimming fungus which tends to settle to the bottom of the 
jar. The water is slightly turbid, and yellowish- red. It has a musty smell, and 
also is plainly acidulated. The microscopic animals are equally abundant, and 
of various forme. 

In the presence of such a source of organic decay and contamina- 
tion found in nearly every, well in the whole region, it is evidently 
unnecessary, and even absurd, to search for any other. 
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These considerations bring up the whole question of the preval- 
ence of typhoid fever as an endemic disease in western Minnesota 
and Iowa, but it is not germane to this report to enter on its dis- 
cussion. Nothing more can be done here than to call the atten- 
tion of those interested in the sanitary condition of the state to 
these facts, and to suggest that possibly the climate has less to do 
with such diseases than has been imagined, and that probably their 
causes lie nearer, and within the grasp of ordinary preventive meas- 
ures. The effect of the water is not always an immediate typhoid 
fever, but an aggravated diarrhoea, and then dysentery, which lead 
finally to typhoid fever. This is the testimony of Dr. J. C. Rosser, 
of Brainerd, and also the experience and observation of many oth- 
«rs. Sometimes the fever assumes a local name. At Bismart it is 
known as the "Montana fever." In Moorhead it is known as the 
** Bed river fever," but they seem to be all essentially typhoid fever. 
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III. 

RECONNOISANCES. 



1. Into Wright County. 

Information having been received from Hon. William Pfender of 
the existence of some evidences of coal in Wright county, an exam- 
ination was made of the designated localities. On Sec. 33 T. -119 
N., R. 25 W., land of John Marth and Fred Wanderzee, along the 
north branch of Crow river, pieces of Cretaceous lignite have been 
found in considerable quantities ; also, along a creek, Sec. 25 T. 119 N., 
B. 26 W., on land of Joseph Plant. These are all float pieces, exactly 
similar to what have been found in numerous other places, though 
perhaps more abundant. An examination was made in company 
with Mr. John Marth, of Delano. The banks of the streams are 
composed entirely of drift, and largely of blue hardpan. The lig- 
nite was seen in the bed of the creek, having been most observed at 
or near fording places, where it was most likely to be brought to 
the surface and seen by passing travelers. At no point could any 
Cretaceous beds be seen in situ. Along the stream are numerous 
pieces of slate, or fissile shale, likewise derived from the Cretaceous, 
though here immediately from the hardpan drift. It is possible that 
Cretaceous beds would be struck below the drift, in sinking a shaft, 

2. In Rice County. 

In company with Prof. L. B. Sperry, a number of localities of rock- 
outcrop were visited in Rice county, for the purpose of determining 
the main characters and the continuity of the Trenton and Shako- 
pee. The details of the geology of this county are given in the re- 
port of Prof. Sperry, and it would be simply repetition to give them 
here. The most interesting observation made, was the discovery of 
a carbonaceous layer in the Lower Trenton, exposed along Prairie 
creek, which without previous drying will ignite from a common 
match, and burn with a flame. 
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3. In Goodhue County. 

The examinations made in Goodhue county were in company 
with Hon. H. B. Wilson and Dr. W. W. Sweny, and consisted of a 
■visit to the quarries at Wanamingo, Zumbrota and Red Wing, and 
the collection of two boxes of specimens. 

The eastern part of the county is rolling, with frequent rock ex- 
posure in the brows of the hills, but the chief covering of the rocks 
is the loose loam with a thickness of 50 to 75 feet, sufficient to make 
the ascents generally tillable, while in the western portion the drift 
prevails so as not only to fill up the old rock-canons, but to convert 
the surface into an undulating prairie. The. drift gradually thins 
out eastward under the loam. It seems to have suffered extensive 
denudation by aqueous forces, so that what is left of it visible un- 
der the loam is coarse and gravely or stony. A very large boulder 
of red or flesh-colored granite projects above the surface of the loam 
on N. W. i of section 29, in Belle Creek. It lies on high land, and 
is conspicuous from a distance. It rises about nine feet above the 
ground, and has a circumference of 26 paces. It belongs, of course, 
to the old drift epoch, and not to the last, as it is embraced in and 
partly covered by the loam, the loam not having covered generally 
the newer drift in that part of the state. It is evident that the de- 
nudation to which the old drift-surface was subjected, produced the 
material for fine clays which gathered in quiet spots, since under the 
loam, in old canon-valleys, and also in some places less protected, 
there are extensive laminated clays. The Red Wing pottery-clay 
comes from below the loam, on Sec. 3, Goodhue, Goodhue county, 
and has a light gray, bluish color. The whole excavation was un- 
fortunately covered by water, and nothing could be learned of the 
relation it bears to the drift or the loam. The Terra Cotta clay, of 
Red Wing, is the blue interior of the terrace that accompanies Hay 
Creek. It is in horizontal laminations, and upwardly passes grad- 
ually into the loam. Between the two drift periods it seems that 
the country had a forest covering, since in Goodhue county, no less 
than in Fillmore and Olmsted, there are abundant remains of tim- 
ber and of the old soils. On Sec' 2, Wanamingo, on the high prai- 
rie, land of Wm. Boulett, a log of what appeared to be hemlock, or 
coarse pine, was found in digging a well, at the depth of 26 feet be- 
low the surface. This was embraced in a "bluish-blackish" clay, 
apparently a soil, and was five or six inches in diameter. It was 
covered with a hard, gravely, yellowish clay and by the loam that 
covers that part of the county. Also on Sec. 5, Belvidere, land of 
John Holtz, in the valley of the creek, was found wood twenty feet 
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under the surface, in the gravely blue clay, or under it. On Sec. 
24, Chester, Wabasha county, a log a foot in diameter was found in 
digging a well, upon the high prairie, said to be about twenty feet ' 
below the surface. This log was well preserved and could be chop- 
ped. It lay on the ground near the well for some years. 

At Wanamingo the Lower Trenton is quarried in a low bench 
along the Zumbro. This bench rises higher and higher above the 
Zumbro in descending the stream, and finally the St. Peter sand rock 
appears, and then the Shakopee limestone, which, at Zumbrota, 
supports the south end of the bridge over the river, rising about 25 
feet above low water. The stone for the abutments and foundation 
for the Forest Mills was taken out of this rock near the mills; but 
the stone for the bridge at Zumbrota came from the Trenton in 
higher land near Zumbrota. The Forest Mills are about two miles 
below Zumbrota. The Shakopee here causes a terrace-flat on which 
is situated Zumbrota village, but there is a covering of drift-gravel 
and loam. 

A few aneroids were taken at Red Wing, and a general section 
was obtained of Barn Bluff. The top of the bluff is covered with 
loam, which also hides the rocks from sight down a sloping descent 
of about 70 feet. If this be regarded as containing limestone the 
thickness of the limestone will amount to 120 feet. From the top 
of this there may have been destroyed several feet of limerock. 
The general section then consists as follows, in descending order: 

1. Slope and limerock 120 feet. 

2. Sand and green-sand, and limerock, 40 feet. 

8. Massivesand, the upper portion being 1 white, the lower por- 
tion yellow. From this the glass sand is taken 50 feet. 

4. Sand and green-sand, with cement of lime and magne- 
sia, with distinctly aluminous portions. To the flood 
plain 80 feet, 

Barn and Soren bluffs dip toward the east a few degrees. There 
are extensive quarries in these bluffs, that furnish a fine building 
material. The stone now being used in the bridge over the east 
channel of the Mississippi at Minneapolis is from the quarries of 
Mr. Carlson in these bluffs. 

4. On the Northern Pacific Railroad. 

The details of this reconnoisance, so far as they relate to the 
water supply for domestic uses, are given in the chapter devoted to 
Water-supply of the Red river Valley. The' only rock exposure 
along the line of the Northern Pacific R. R. after leaving the neigh- 
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borhood of the Junction with the St. Paul and Duluth R. R., within . 
the State, occurs in the vicinity of Motley. This is a range of 
' granite, about four miles north of the station, on sections 21, 22, 
27 and 28, extending north and south. It widens out toward the 
north before disappearing under the drift. Its extent is about a J- 
mile across from north to south. The country round about for 
miles is nearly level, and covered with Pinus Banksiana, Lam. 
It escaped the observation of the land surveyors of the N. P. Com- 
pany, and the land was entered and described as having "no stone." 
There are here hills and ridges that rise fifty or seventy feet above 
the surrounding country, and in some of them the rock is bare. It 
cannot be said with certainty that this rock exists in all these hills 
and ridges, but it probably does. There are but few spots where 
any drift boulders can be seen, the country — even these hills — be- 
ing covered with sand or sandy loam. The surface of the rock is 
old. It does not show recent glaciation, the appearance it presents 
being rather that that would be attributed to aqueous forces. The 
surface is, in general contour, moutmne-ed, but not so markedly as 
the knobs and hills of Marquette and Duluth. Since this glaciation 
it is evident that water has covered this rock for a long period — 
water probably which spread the fine sand over so wide a belt, ex- 
tending almost uninterruptedly from near Thompson to tins place. 
The rock rises in undulating sheeps-backs, and in the intervals is 
covered with sand and turf. It consists, taken all together, of at 
least three different jqualities, viz: First, a gray syenite (?) which 
has a greenish mineral like serpentine and also both white and flesh 
colored pieces of feldspar, rather fine grained. Second, a dark, dio- 
rytic, trappean rock that occurs in apparent, wide dykes in the 
granite. This varies from a petrosilex, (or what may be taken pro- 
visionally for that rock) to a realdioryte. Third, a serpentinous gran- 
ite, i. e. a granite (with white feldspar) that contains a green min- 
eral undistinguishable from the green mineral of No. 1, with evi- 
dent lumps of mica. These three kinds may not be the only varia- 
tions that thefrock^will on quarrying exhibit, but they are the only 
noteworthy ones observed. They are all rather fine-grained. The 
green mineral of No. 1, is sometimes more abundant in streaks or 
veins, even two inches wide, than throughout the rock, giving the 
rock a striped aspect, often two or three thin veins coming within 
a foot. This rock]was discovered and purchased of the N. P. R. R. 
by Mr. C. H. Alsop, who is beginning to open it for sale. Being in 
the midst of a country'destitute of known rock, especially of gran- 
ite, this locality has much importance. It will furnish a building 
material of thejmost durable kind, and possessing all the excellen- 
cies of the granite of St. Cloud or Sauk Rapids. 
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From Brainerd to Motley the country is about the same as at 
Brainerd, i. e., a sandy plain. The timber consists largely of Bank's 
pine. Wadena and Perham are on prairie openings. At the latter 
place the subsoil is a gravel-and-sand to the depth of at least 15 or 
20 feet, as revealed by wells that get good water at that depth. 
This gravel-and-sand is like that on which Minneapolis stands, but 
is not overlain by so distinct a loess loam. The loam here is only 
soil-deep, and also contains occasional little pebbles, the same as 
found in the gravel below, showing that the loam is only a soil 
formed from the sand and gravel of the subsoil. This subsoil of 
gravel-and-sand continues westwardly, through and beyond the prai- 
rie on which Perham stands, and into a sparsely timbered and un- 
dulating country, even beyond Frazzee City. It is noticeably free 
from boulders, and consists only of gravel and sand. On approach- 
ing the Leaf Hills the gravel and sand becomes gradually courser, 
with occasional stones, the general surface also becoming more 
broken. Further on the gray hard-pan, very stony,.comes in, at 
first gradually as if the gravel and sand were horizontally merged 
into it by the accession of clay and larger stones, but finally so as 
to comprise the mass of drift, as seen in the cuts by the grade of the 
road. The hills are composed of this hardpan. At Detroit the 
surface is undulating and somewhat rolling, but mostly a prairie, 
being fairly on the west side of the Leaf Hills. There is a little 
timber west of Detroit, but the prairie sets in within a couple of 
miles, and continues to Moorhead. The subsoil at Detroit is the 
same as at Perham, a gravel and sand, the surface-soil being a loam, 
derived locally from the subsoil by disintegration and the action of 
vegetation. The roads are always dry; the wells go into gravel for 
water at the depth of 25 or 30 feet, the supply being good — limy or 
chalybeate — and copious. 

Above Brainerd about five miles, are the French Rapids, in the 
Mississippi river. Their immediate cause is a quantity of drift 
boulders, which lie mostly along the left shore, though they are also 
of course throughout the bed of the channel; but their original 
cause is probably the nearer approach of the bed-rock toward the 
surface of the drift. A short distance above theserapids, on the left 
bank is a high drift bluff composed largely of clay, but containing 
numerous stones and boulders. Below the rapids the river runs 
along the left side of an alluvial, timbered island. The fall in the 
rapids is about three feet. No bed-rock can be seen. There are 
a few boulders also along the right bank just above the head of the 
rapids. The bottoms are covered with deciduous trees, but the up- 
land mainly with Banks' pine, with some white and Norway pine. 
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East of Brainerd the country is mainly one of plains, which are 
superficially sandy, but they must be closely underlain by a clay 
deposit, since they often become wet, when large swamps are caused 
by the contained water. There are also numerous ridges of hard- 
pan-clay soil and subsoil, in which a different outward appearance 
is very marked. The trees become larger, and consist of a greater 
proportion of deciduous species, while the Banks' pine entirely or 
almost wholly disappears, and the Korway and white pines prevail. 
Toward the Junction the hardpan clay comes in in full force and 
continues to Duluth, except when overlain by the red laminated 
lacustrine clay of Lake Superior. 

At the Northern Pacific Junction, prominent and bare ridges of 
slate, four to six in number, rise about 25 to 40 feet. They run 
nearly E. & W., or by compass north 80 degrees east, varying to 
north 75 degrees east. The slaty cleavage runs nearly parallel with 
the direction of the ridges, or north 85 degrees east. In approach- 
ing from the west, along the N. P. R. R. this slate becomes percep- 
tible a short distance before reaching Komoko; and, by the topo- 
graphy and changed drift, roek is evinced for several miles even be- 
fore reaching that place. These ridges run through Komoko and 
the N. P. Junction, and at least to Thompson, where they have 
been wrought, the slate quarries being about two miles from the 
railroad in Sec. 29, T. 49 N., R. 16 W. They are not continuous, 
nor uniform in height nor in length. They rise, and sink again 
below the surface, with an irregular alternation. Sometimes a sec- 
tion across the range would show only three or four series and some- 
times there might be six. Often the intervals in one series are op- 
posite the ridges in the adjoining one. The rock itself varies from 
an argillyte suitable for roofing, to a very dark, or gray quartzyte 
that shows less slaty cleavage, yet must probably be taken as a part 
of the same slate group. The rock of this latter kind seems to be 
found in some of the ridges exclusively, while the argillyte prevails 
in others. Outwardly they have about the same appearance, as 
they he in long parallel, undulating ridges, and perhaps they should 
not be so prominently distinguished as this description implies. 
These ridges are moutone-ed, but there are no scratches or other 
marks showing the direction of any glacial action. They have three 
systems of jointage planes crossing each other at various angles, so 
that the rock itself is cut into large angular blocks to great depths, 
which not only facilitates the quarrying of the slate, but the natur- 
al disintegration of the ridges by frost. The adjoined sketch shows 
a ground plat of one of the ridges, with the different systems of 
joints: 
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Ground plat of a slate ridge at Junction. 

Explanation of Figure 2. 

1. X. Slaty cleavage, nearly perpendicular, runs north, 85° east. 

2. 2. Joints that cut the slaty cleavage at right angles, but slope west at an 
angle of about ten degrees from a perpendicular. They are sometimes so numerous 
as to number four or five in the interval of a foot. 

3. 3. Joints (or bedding) which run parallel with the ridges, but slope south 
at an angle of about 45° with the horizon. The southern slopes of the ridges are 
formed by the splitting off of the layers, while the northern slopes are apparently 
caused by the breaking off, by an irregular and shifting fracture of the tame 
layers, and have an angle about the same as the southern slopes, but in the opposite 
direction. 

4. 4. Less distinct oblique joints that do not seem to be as numerous as the 
foregoing, but which, on the quarrying of the rock, are seen to penetrate to as 
great depth. These aid in causing the superficial parting of the rock into 
rhomboidal and angular masses. They slope N. W. at an angle of about 25° 
from a perpendicular. 

The horizontal extent east and west is about six rods. 

Figure 3 is a perpendicular section r unn ing north and south across 
these ridges, showing the direction of the slaty cleavage and of 
joints 3. 3. of Fig. 2. 

This slate appears to be the same as seen at Little Falls, on the 
Mississippi below Brainerd, but it here shows none of the concre- 
tionary horn blend, or dioryte rock, and, taken all together, is some- 
what finer grained, not showing an evidently micaceous composition. 



ie slate ranges at Junction. 
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IV. 

THE GEOLOGY OF MORRISON COUNTY. 



This recounoissance was made in company with Mr. N. Herrick, 
of Minneapolis. The first observations were made at Pike Rapids, 
which are at the mouth of Swan river, but are in the Mississippi. 
They are so named from Lieut. Z. M. Pike who built a stockade and 
wintered with his men here in 1805-6. They are caused by a mica 
schist rock which rises in some spots about six feet above the water 
at low stage, but lies mainly in the river channel. The only out- 
crop on the shore seen being in the left hank. The schist is filled 
with small crystals of garnet and coarse crystals of staurolite. Be- 
sides these clumps of schist rock rising in the channel of the river, 
there is an abundance of boulders of all kinds, both in the river and 
on the shore, the banks rising about 30 feet and consisting of coarse 
material. The rock itself seems to dip, at least it has a lamin ated 
structure which dips, toward the northwest at an angle of about 45 
d «g- 

At Little Palls the rock that occurs in the river is a roofing slate 
similar to that at Thomson, but varies from a mica schist to an 
argillyte, with some veins of white opaque quartz. The rock in 
some places also varies to a massive, compact hard rock with sharp 
jointage angles, whch, when broken, has nearly the color and texture 
of the staurolite crystals, if fractured, found in the rock at Pike 
Rapids, but seems to be more nearly a dark quartzyte. Besides 
these variations there are nearly continuous layers of more or less 
lenticular and concretionary lumps or nodules, sometimes six co- 
eight inches thick, of a rock very firm and dark-colored, but which; 
on weathering becomes superficially lighter-colored and shows 
needles and span gles of dark-green amphibole. The matrix in which 
these crystals lie is not well characterized, but is quartzytie and 
perhaps also feldspathic, but is dark-colored, so that on a fresh 
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fracture the amphibole crystals are hardly observable. They appear 
on the weathering of the rock. By far the greater part of the 
whole is a micaceous argillyte, with slaty cleavage nearly perpendic- 
ular, or sloping a ve-y little toward the N. W. (N. 18 deg. W.), the 
strike '.jeing N. 18 deg. E. There is also a system of joints that 
gives the rock, viewed across the river, the appearance of being con- 
spicuously stratified, with a dip up the river of about 45 deg. from 
the horizon. The slatiness, which is nearly perpendicular, is some- 
. what injured, at least superficially, by the frequency ofjoints, of which 
there are at least two systems intersecting each other at a small 
angle, thus cutting the slates into rhomboidal masses, as they weather 
to pieces. The following diagram (Figure 4) is designed to show the 
relation between the slates and the three systems of joints mentioned. 
The general exposure is an irregular expanse in the river channel, 
and bottom land, but does not rise in ridges or knobs, though 
the occurrence of a dyke of dark trap, and the massive quartzytic 
rock, seem to have been the primary cause of this protrusion upward 
of the underlying formation which is generally more deeply buried 
under the drift. This is known to extend under Little Falls village, 
being encountered in wells and cellars. 



Jolntage of the slate at Little Fall*. 

A little distance further down the river, yet scarcely outside the 
limits of the village, rock is exposed on " the point," and consists, in 
general, of a hard, dark-colored diory te, containing mainly amphibole 
in coarse crystals, and a little feldspar (labradorite ?). The outward 
characters of this rock are the same as the concretionary lumps that 
exist in the slate already described. It is here simply in larger area 
and bulk. It is parted by joints that cause it to fall to pieces in 
slabs and cuboidal masses. This may he here in the form of a dyke, 
but its relation to the slate cannot be seen. The point which id 
formed by it is considerably higher than the bottom land on either 
Bide, but falls away somewhat on receding from the river, the rock 
itself becoming lost to view in the swampy bottoms, or involved 
with the drift of the river-bluffs. On long- weathered surfaces, under 
the action of the water, there is a ridged and furrowed form that 
shows the same direction and trend as the slatiness of the slate, i. e. 
N. 18 deg. E. These ridges are about i inch apart, and about i or 
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i inch high, separated by intervening furrows. This surface con- 
figuration is apparently due to the alternate arrangement of the 
mineral contents, and perhaps has its origin in a metamorphosed 
condition of the slate itself, or of the sedimentary rocks from which 
they both may have been derived. Thus this could not be of the 
nature of an igneous dyke, but a metamorphic variation due to the 
complex nature of the original sediments. This view is strengthened 
by the occurrence of a similar diory tic rock, in concretionary masses, 
in the slate itself, running in more or less regular layers or lines. 
This alternation of mineral contents does not pervade the whole of 
rock exposed on " the point," but it is aconspicuous feature in some 
places. The^ridges are composed of the lighter colored minerals, 
and the furrows of the amphibole. The adjoining figure {Fig. 5.) 
illustrates the alternation of these ridges and furrows. 

...... ■*&■•* 




Arrangement of Mineral Contents at Little Falls. 

Explanation of Figure 5. 

1. Bands of dioryte. 

2. Alternating bands of amphibole and feldspar. 

3. Furrow mainly occupied by a band of amphibole. 

4. Feldspar band. 

Opposite the village of Little Falls a trap dyke of basic doleryte, 
apparently about 10 feet wide, appears in the slate,, going diagonally 
across the slate; and on the south side of the dyke, in the lee of its 
protection against the current of the river, as well as against, possibly, 
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the ice of the ice-period, the slate (or schist) is decomposed to the 
depth of four or five feet at least, making a greenish-blue clay, er 
incipient kaolin. 

The slate at Little Rapids is visible, along one or both sides of 
the river, as far up as the ferry, perhaps three-quarters of a mile 
above the village. 

On the N. E. ± Sec. 13, (U. R. land), Little Falls town, on the west 
side of the river, is an area of dark granite, rising in smooth knolls 
a few feet above the surrounding country, which is flat and rather 
wet, though sandy, and in fact is an eastward continuation of the 
flat of the west bank of the river at Little Falls. This rock is not 
in all places a true granite, but varies to a dark, apparently trappean 
rock, which is an amygdaloidal melaphyre* containing, however, a 
light-green mineral like serpentine. There are also variations to a 
non-amygdaloidal melaphyre with scattering mica-scales. 

At the mouth of the Little Elk river, two and a half miles above 
Little Falls, the slate seen at Little Falls again appears, but here the 
direction of the slatiness is N. 30 deg. or 35 deg. instead 18 deg. 
east. ' The creek runs across it and cuts into it. The dam is made 
between the rock bluffs on either side. The slate is known to extend 
up the Little Elk only about half a mile. 

N. E. i section 26, Belle Prairie. Here is an outcrop of granite. 
It rises not more than eight or ten feet above the general surface, 
which is nearly level. It is rounded over but ia not striated. Its color 
is sometimes pink and sometimes gray. It is rather massive than 
schistose. Its area probably extends over on the next section north. 
Similar rock occurs again about two and a half miles northeast of 
this place on section 18, in the next town east. 



PRIMITIVE MAN AT LITTLE FALLS. 



(1). The Stone Cutters. 

During the examination of Pike Rapids some search was made for 
Pike's winter stockade. Near the principal exposure of the bed-rock, 
along the east bank, abreast of a small island scantly turfed over, 
there is a blind excavation in the river-bank which consists of loose 
* This term is used here in the Indefinite sense preferred toy Beruhard Von Cotta. 
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Band and fine gravel, that has the appearance of having been artifi- 
cial, but no old timbers could be found in the vicinity. Paris Roy, 
a half-breed living at Little Falls, says he remembers hearing his 
uncle, a trader for the American Fur Company, named Charles La 
Rose, stationed seven or eight miles above Little Falls, at that time, 
relate the fact of Pike's stopping here and describe the place as on 
the east bank, and below, the rapids. This excavation is really be- 
low the main rapids, though there is half a mile of rapid water be- 
low it, caused by boulders, without exposure of the bed-rock. 

About this excavation, which may or may not have been the site 
of Pike's stockade, are pieces of chipped white quartz, which from 
their sharpness, and their color, indicate an artificial origin, and at- 
tract the eye of the visitor. It was only after a handful had been 
gathered, that at last an imperfect arrow-head was found. These 
chips, at this point, were found only over a small area, indeed they 
were not looked for at other points up or down the river, nor at any 
depth below the surface. This quartz, which is white and opaque, 
was evidently taken from some vein in the slate in this neighborhood, 
for the slate at Little Falls has several veins of that kind of quartz. 

Subsequently however, these chips were found to extend over a 
larger area, and to be incorporated with the materials of the river 
banks. Further examination at Little Falls disclosed this interest- 
ing discovery. They are found, not only on the surface of the flat 
on which Little Falls village stands, especially near the river, but 
on excavating the bank near the river,making a perpendicular section, 
they are found to extend downward three or four feet into the sand and 
gravel. A person in digging half an hour might find twenty-five 
or thirty. The material in which they occur is a homogeneous 
sand, passing downward gradually into a coarse sand and finally in- 
to a gravel. This flat along the river on the margin of which they 
are found, is about twenty-seven feet above the river, and is now 
never covered by it. The bank itself may be divided into three 
parts, as follows, in descending order: 

1. Loam Band, gravelly below. 

2. Gravel, becoming stony below. 

3. Hardpan-drift, containing boulders. 

The plain on which Little Falls stands, is about a mile wide, and 
extends along the river, as an abandoned ancient flood-plain, south- 
ward, and becomes that on which East Minneapolis is situated. 
Toward the south its average width remains about the same as at 
Little Falls— perhaps becomes less — but toward the north it increas- 
es in width, and at the same time rises above the river, and finally 
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comes apparently to constitute the entire country about. Brainerd 
(with the sandy country east of it) is on such a plain; towards the 
west a sandy plain of the same nature, and the same level ex- 
tends much further, though, opposite Little Falls, it is occupied 
to a large extent with wet land and often by tamarack swamps. 
On either side of the river, outside of this plain, is a line of 
drift bluffs which have a rolling coutour and rise from 50 to 
to 75 feet higher, constituting a greatly different character of 
country, and occupying the general level for an indefinite distance 
east and west from the river. Northward from Little Falls, while 
the included plain becomes wider, and covered with a coarser sand, 
these bluffs gradually become lower. It seems as if the plain slowly 
rises to the level of these drift-bluffs, and the bluffs themselves then 
are lost to view, or are so broken, and involved with other drift 
knolls and ridges, that they seem to have no relation to the river 
itself. In traveling by the new railroad, lately constructed between 
Brainerd and St. Cloud, this change is observable. The road itself, 
at least between Little Falls and Brainerd, runs throughout on this 
plain. In reverse order the depth of the river below this plain in- 
creases in going northward. At East Minneapolis it is from 25 to 
30 feet above low water; at Shingle creek it is about 37 feet; at 
Ghamplin it is 43 feet; at Dayton 45 feet; at St. Cloud 58 feet; at 
Brainerd about 60 feet. No measurements have been taken above 
Brainerd. Along the river at a lower level is another flat, or bot- 
tom-land, which is the present flood-plain. The hardpan drift 
which prevails in the bluffs on the east side of the river, and which 
underlies the sandy plain above described, seems to be of the old 
drift epoch (see report on Hennepin county for 1876), and lies on 
the slate at the Falls. The adjoining diagram (Fig. 6) represents a 
section across the Missississippi valley at Little Falls: 



Section across the Mississippi valley at Little Falls, 
Explanation of Figure 6: 

1. Hardpan drift, on the east side covered with a fine clayey loam. 

2. Gravel and sand. 

3. Sand, loamy above and gravelly below; 60 feet above the river at low water. 

4. Trap dyke. 

5. Slate rock. 
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The quartz chips occur in No. 3, and abundantly on the flat 
(somewhat lower than the average here) directly opposite Little 
Falls, in the neighborhood of the trap dyke. They extend up and 
down the river also an unknown distance. They were found at the 
mouth of the Little Elk, two and a half miles above Little Falls. 
The belt on the west side which seems to afford them is about 40 or 
50 rods wide, but something less than i mile on the east side. On 
the west side they appear in the soil when large trees tear it up. 

These chips are all angular, some of them being as sharp as knives, 
and perfectly unwaterworn, and they occur in a waterwom deposit. 
They vary in thickness from that of paper, and the size of one's 
fingernail, to one and two inches across, of irregular, angular forms. 
Almost no other coarse material is found in the surface sand in 
which they are found; and whatever there is, is waterworn and 
rounded. The chips are generally without evidence of designed 
form, and nearly all the angular pieces are also destitute of all evi- 
dences of artificial shaping, so far as their forms are concerned. 
Only a few pieces were found that seemed to show the work of careful 
chipping, and they are not perfect. The most certainly chipped 
form found was taken at Little Elk river, but was of brown chert. 
Some of these chips are represented on Plate I. 

The interest that centers in these chips, and which alone would 
warrant this extended account of them, involves the question of 
the age of man and his work in the Mississippi valley. When they 
were first observed they were taken to be of much later date than 
they seem to be, indeed they were associated with the builders of 
the mounds and ridges that are seen at Little Falls and many other 
places .in Minnesota, attributable to a race known as the Mound- 
Builders, who preceded the present Indian races. But these mounds 
and ridges at Little Falls are built of the very sand, and are situated 
on the very same plain in which these chips occur. In other words, 
the Mound-Builders dwelt at Little Falls since the spreading of the 
material of the plain: hence they are post-glacial. The chipping 
race, if these chips are of human origin, preceded the spreading of 
the material of the plain, and must have been pre-glacial ; since the 
plain was spread out by that flood-stage of the Mississippi river 
that existed during the prevalence of the ice period, or resulted from 
the dissolution of the glacial winter. The fortunate juxtaposition 
of these two classes of human remains enables us to establish this 
important general truth. The wonderful abundance of these chips 
indicates either an astonishing amount of work done, as if there'had 
been a grand manufactory in the neighborhood, or an enormous 
lapse of time for its performance. 
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EXPLANATION OF PLATE. 



(See Page 56.) 



Fin. 1, b. Profile view of same. 

[Note. — This specimen is regarded a finished implement by F. W. Putnam, 
of the Peabodf Museum.] 

Fro. 2, a. Convex surface of a chert implement found at Little Falln. 

Fio. 2, b. Profile view of the same. The figures do not perfectly represent the 

evidentally chipped edges. 

Flo. 3, a. Broken arrow-head (?) of white quartz, found at Pike Rapids. 

Fro. 3, 6. Profile view of same. 

Fio. 4, a. Scraper (?) of white quartz, from Little Falls. 

Fio. 4, b. Profile view of same. 

Fio. 5. a. Implement of white quartz. Little Falls. 

Fro. 5, b. Profile of the same. 

Fio. 6, a. Implement of white quartz, Little Falls. 

Fro. 6, b. Profile of the same. 



These figures are all of the natural size of the specimens. 
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There is one other source to which these chips can be referred. 
The veins of white quartz traversing the slate at Little Falls, from 
which these chips were originally derived, were observed in one in- 
stance (near the mouth of Little Elk river) to split into angular 
pieces similar to those taken from the surface sand of the plain, 
under the action of moisture and frost. This was seen at a point 
where the freshet water of Little Elk river had lately carried away 
the surface materials, laying bare a large area of the slate. The 
quartz of the vein, not having a mineral cleavage, yet had an irregular 
fracturing tendency which resulted in the disentegration of a con- 
siderable quantity of the vein. It is supposable that in some earlier 
history of the river, when it was large enough to cover the whole 
valley from the drift bluffs a mile east of Little Falls to the drift 
bluff's several miles west, this same disintegration under natural 
causes took place, and that by some means the fragments were dis- 
tributed by the water of the river, perhaps. by floating ice, over the 
flat on which they are found when it was the bottom of the river. 
This supposition meets with the following obstacles. 

1. There is no point throughout the whole region round about 
where the slate conveying these quartz veins rises to the level of the 
surface of this plain so as to be within the range of transporting 
agencies, whether of the water of the river or of floating ice, but 
the quartz veins are from 40 to 50 feet lower than the flat on which 
the chips occur. 

2. During the high stage of water that formed the chip-bearing 
terrace, that plain itself was intact from side to side, the present 
river channel which is cut down to the slate and the quartz veins, 
not having been excavated. 

3. The chips seeu at Little Elk river, resembling these supposed 
human remains, were in the bed of the river, and under the drift 
originally, even the unmodified glacier drift, while the transported 
chips are over the glacier drift and in a water-washed sand. 

4. If these chips were the product of natural disintegration, and 
river distribution they would be expected to show some attrition in- 
cident to the long period of wearing they "had passed through. On 
the contrary, while embraced in a water-washed and rounded sand, 
or fine gravel, they are themselves not worn in the least. 

5. The quartz fragments, while mainly destitute of evidence of 
designed shape, do in a few cases appear to be imperfect forms of 
arrow-heads or of cutting or scraping instruments, and also have, 
along the edges, the appearance of having received repeated blows, 

. and present small fresh surfaces of forced fracture* 
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6. In gathering about three quarts of these chips, eight pieces 
were found that could be thought to have a designed form, and two 
of these are of brown chert and undeniably the product of humaa 
design. 

(Since the foregoing waa written, some of these chips have been 
submitted to Mr. F. W. Putnam, Curator of Peabody Museum of 
Archaeology and Ethnology, Cambridge, Mass. After an exami- 
nation he says he has no hesitation in saying that he " considers 
them identical with those known to be formed by the hand of man 
when making implements of stone." One of the chert specimens 
he regards " a finished implement.") 

(2.) The Mound Builders. 

Mention has already been made of ridges and mounds on the ter- 
race at Little Falls attributable to the early race known as Mound 
Builders. They have a general resemblance to many others that 
may be seen in the State, some of which have been alluded to in 
former reports {Reports on Houston and Hennepin Counties). 
Their occurence at Little Falls is interesting especially in relation 
to the possible human origin of the quartz chips that have been de- 
scribed, as they seem to be of later date than the chips. This is 
proven by the fact that the mounds are built on the terrace plain, 
and of its materials, in the composition of which plain the quartz 
chips take part, extending three or four feet below the surface. 
The mounds themselves are somewhat different from those seen 
elsewhere, inasmuch as they consist of low, circular ridges, from 
eight to twelve feet across, rising but two or three feet above the 
general level. These are scattered over a small distance on the east 
bank of the river near the northwest corner of the village plat, 
though perhaps others would be discovered on making a more exten- 
sive survey. The following diagram of the surface shows their 
position relating to the river and the other ridges. They may have 
been designed for habitation, having been formed at first by slightly 
excavating the surface of the ground, and then building rude arched 
coverings supported by wooden branches and enclosed by earth. 
As these decayed and fell in, the resulting forms would he exactly 
what are now seen. Beyond the limits of the village, furthernorth, 
is an interesting ridge, nearly straight, running obliquely back from 
the river and a hundred and eight paces in length. This is of a very 
different nature, though plainly artificial. It is from three to four 
feet high. It has two low spots, or openings through it, which sep- 
arate it into three main parts. It does not extend to the imme- 
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diate river bank, but is separated from it by an interval of several 
rods. The design of this ridge is not evident, but it must have had 
some relation to other works in the neighborhood. It may not 
however, have the same age as the small circular ridges above men- 
tioned, since there is some possibility that the latter may have been 
built by the present Indian races. 

About fifty earth-works or mounds are found on the border of a 
small lake on Sec. 35, Belle Prairie and Sec. 9, Little Falls, six miles 
east of the village of Little Falls. They follow roumd the shore of 
the lake, which is know by the Indians as " The Lake between the 
Hills." 



Hounds and ridges at Little Falls, 
(3.) In other parts of Minnesota. 

A great many flints and stone implements have been found in the 
State indicating the former prevalence of a race, or races, analagous 
to the stone-workers of Europe. Whether these stone implements 
are referable to the older stone-working race, which would make 
them pre-gracial, (paleolithic), Or to the more recent nolithic stone- 
workers, or to both of them, has not yet been ascertained; but the 
disposition has been general to assign them to the latter. It may 
be possible, however, that the palaeolithic race is represented, and 
the quartz chips at Little Falls would seem to indicate that to be 
the case. At any rate the most careful attention should be given 
to the relation of all such discoveries to the drift of the region in 
which they occur. 

A few of the other evidences of paleolithic man in Minnesota 
may be mentioned. Dr. A. E. Johnson mentions in the Bulletin of 
the Minnesota Academy of Natural Sciences for 1874, the discovery 
of human bones in the Band and gravel of the Mississippi river in 
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the eastern terrace bluffs, at Minneapolis, coincident in age and 
hight with the terrace bluff in which the quartz chips occur at 
Little Falls, this being a deposiWoiueident with or immediately fol- 
lowing the last glacial epoch. On the same authority two fragments 
of a human lower jaw with teeth were discovered in the "red clay 
and boulder drift" near the Falls of St. Anthony, by workmen ex- 
cavating in it for use in the tunnel under the river, lying " imme- 
diately upon the limestone ledge." This red clay is the product of 
the first, or oldest known, glacial epoch, and lies below all the other 
drift. He also states that on the same side of the river a copper 
spear-head was taken from a crevice in the limerock of the Lower 
Trenton, where its strike forms an elevation in the alluvial plain of 
the terrace above mentioned, at some distance from the immediate 
river, under four feet of drift-—" sand, gravel and clay " — which is 
now in possession of the St. Paul Historical Society. This deposit 
is of the same plain and date, as the material of the terrace contain- 
ing the quartz chips. The spear-head is said to have been three 
feet within the lime-rock. It must be admitted, however, that, 
supposing these human bones and teeth to have been found in the 
manner reported, they may still have been the result of more 
modern burials, and the spear-head may have been thrust in the 
crevice (a weathered and eroded jointage-plain) horizontally, in- 
stead of perpendicularly, as these open crevices abound in the Lower 
Trenton and appear on the exposed wall of the rock facing the river, 
and especially in that part of the ancient channel which was cut 
prior to the last glacial epoch, where this spear-head was found. 
The locality of the Falls must always have been a resort for rude 
tribes of men, and a great many burials, not to say battles, may 
have taken place here. Still there is an appearance of authenticity 
about these discoveries, so far as the published facts go. 

A stone axe weighing six pounds was found at St. Paul in digging 
a cellar near the Adams school house, by Jacob Biska, six or eight 
feet below the surface. It was overlain by soil and black loam, 
which has a thickness of eight or ten feet at that point. The figure 
below shows its outline. The surface of the blade end is smoothed, 
or roughly polished, but the other end is rougher, or weather-worn. 
This lay in the latest of the drift deposits, but far beyond the reach 
of the present river, though within the outer drift bluffs. 
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Stone axe and disc found at St. Paul. 

In a gravel bank at St. Paul also was found recently by Mr. 
Mervine, a stone disc about two inches in diameter, and three- 
qnarters of an inch in thickness. This has a circular depression in 
the center. One side is coated with a limy crust. It is of a fine- 
grained greenstone. 

The remains of an extinct elephant, in the form of a tooth and 
tusk, were found in the gravel and sand of the east bank of the 
Mississippi about five miles above Minneapolis. These occupy the 
same relation to the river and the valley as the quartz chips at 
Little Falls, having been taken from the same terrace. 

In the coarse river-gravel at Stillwater, far above the present river, 
but within the main valley, was found a mastodon's tusk, and about 
eight feet of it are preserved in the Academy of Sciences at St. 
Paul. This was taken out in the year 1856 by A. Van Vorhes. 
The section of the bank in which it was fonnd is now made up as 
follows : 
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1. Disturbed Bund with some boulders 5 feet. 

2. Fine sand, with nearly horizontal strata 2 to 6 feet. 

3. Gravel and boutdere to 4 feet. 

4. Very fine, handsome Baud, in horizontal stratification. .. 15 feet. 

5. Coarse gravel and boulders 4 to 6 feet. 

S. Horizontal etrat* of fine sand 30 to 40 feet. 

7. The " tripoli " bed lies next below this fine sand. 

The task was found in No. 6, and near the bottom. Near the 
top of the same stratum, Mr. Van Vorhes found fragments of pot- 
tery having carving and ornamentation. These are all to be seen 
in the Academy at St. Paul.* 

In the possession of the Minnesota Historical Society are two 
immense stone hammers recently obtained at St. Peter by Mr. B. 
M. Randall. One of these was found four feet under ground, and 
the other was on theBurface. They each weigh fifty or sixty pounds. 
The adjoined sketch of their probable manner of use represents, if 
correct, probably the most primitive flouring-mill that Minnesota, 
ever possessed. It was prepared by Dr. R. 0. Sweeny. While 
these millstones each have a groove running about them, somewhat 
on one side of the middle, as if for receiving a withed frame, yet the 
groove of one appears as if it were of natural origin, and caused by 
the more rapid disintegration of a vein of micaceous granite or 
gneiss with which the groove is coincident, while the bulk of the 
stone is of a firmer rock. In the other, however, the groove has 
evidently been dug out by coarse artificial chipping. 

These upper millstones were found at points two miles separate. 
One, the larger of the two, has the groove deep on one side, but less 

The Importance of this "And" caused the writer to distrust his own notes, made In 
1872, as to the exact position of the pottery, although taken down on the spot as de- 
scribed by Mr. Van Vorhes. and to make a fresh application to Mr. Van Vorhes for the 
particulars as to Its exact position. The following from that gentlemen, who is an ex- 
perienced surveyor and an exact observer, afflrms the position of both as at first stated : 
Stillwater, April 26, 18T7. 

Dbab Sir :— Yours of the 16th came duly to hand, and found me almost helplesa 
with a rheumatic attack, which explains my seeming neglect to answer your inquiry. 

The mastodon tusks were found about eight or ten feet above the base of the hill : 
the hill at this point rises at au angle ol about 15°. After excavating In the base of the 
hill on the grade of Myrtle street about 37 feet, the tusks were found, consequently 3T 
leet below the surface. At this point the hill was about 90 feet high. 

The crockery I found some thirty feet farther Into the hill and someslx or eight feet 
higher in the strata. This hill is a continuous tongue of land lying between the Flor- 
ence mill stream and a spring run. The two streams run parallel and some aw feet 
apart. The hill la so steep on the Florence mill side as to be Inaccessible except by 
clinging to roots and brush growing on it. The material at the base Is sand and small 
gravel. Where the tusks were found the strata were pure sand tenor twelve feet thick, 
exhibiting clearly the direction of the current In an eastward inclination one or two 
degrees. On the top of the hill were heavy boulders of the drift period. I deeply re- 
gret that Indisposition and the weight of eighty-four years have rendered me incapable 
of composing a satisfactory eomm muni cation. Yours, with much esteem, 

A. VAN VOKHES, 
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noticeable on the otter, and was found in 1876. It lay " under the 
ground, covered with black earth and sand, above a layer of chalky 
deposit containing some flint and other stones." It was on the- 
rocky terrace formed by the Shakopee and Jordan formations near 
St. Peter, but a little south of the town, and thirty rods distant 
from the flood plain of the Minnesota river. The smaller one was 
found "two miles further south, just at the foot of the bank, among- 
a lot of boulders of all sizes." It was found in August, 1874. 
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Primitive flour -mill and outlines of the upper millstones. 
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The phenomena of the mounds that are scattered all over the 
State cannot be regarded as palaeolithic, since they pertain to a 
period subsequent to the last glacial epoch. The mounds are found 
indiscriminately at all levels, and in all relations to the drift de- 
posits — even on the latest deposits. Remains that are found em- 
braced within the actual drift, are classed here, according to Mr. 
James Geikie % as palseolithic. If they are in the gravel or sand 
along rivers or in the hardpan of the last glacial epoch they accom- 
panied or preceded the last glacial epoch. If they are in the hardpan 
of the first glacial epoch they have a still older date. Under this 
grouping neolithic remains are only those of later date than the 
last glacial epoch. 

The Soil of Morrison County, 

The immediate river valley is rather sandy, and has reacted against 
the settlement of the county; but the general level of the country, 
away from the river, is of a very different character. There is a 
fine red loam that covers much of the land east of the river, which 
is of the same nature and date as the loam that is spread over the 
uplands in much of the southeastern portion of the State, and has 
given that section of the State a notoriety for ease of culture and fer- 
tility of soil, second to none in the United States. This loam in some 
places is rather coarse. It is, indeed, seldom clayey, as it is in 
Houston County, and in other places it is wanting, the soil then 
being a gravelly hardpan, or gravelly clay. The eastern portion of 
the county is mainly one of plain, or rises and falls in broad undu- 
lations, the valleys being occupied by the creeks that generally 
drain southward, or toward the Mississippi. On the west side of 
of the river the alluvial plains are wide, and are rather wet now, 
but they are destined to be drained, which can easily be done, when 
they will be found to possess some of the best soils in the county. 
The hardpan that closely underlies these flats sometimes appears in 
low knolls which have already been taken by settlers, as they rise 
slightly above the flats and furnish a different forest growth; while 
hack of the flats is a series of drift bluffs furnishing heavy hard- 
woods, which correspond with the bluffs on the east side of the river. 
These bluffs introduce a belt of hardpan clay soils, and continue 
westward, through slight variations, to the Leaf Hills. Throughout 
this range, and scattered over the intervening surface, are frequent 
boulders of granite and of northern limestone. 
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Water Powers. 

There is a fine water-power in the Mississippi at Little Falls, and 
a rocky island in the river makes its improvement more feasible. 
This was used at one time for milling and manufacturing purposes, 
but the dams have been swept out by the river, and the buildings 
themselves are entirely destroyed. The recent completion of the 
railroad north and south through the county, running on the east 
side of the river, is destined to hasten the settlement of this in- 
teresting county, and to develop more rapidly its great natural 
resources. 

There are flouring mills already established at the following points : 

On the Platte river, Sec. 35, Belle Prairie; three runs of stone, for 
custom work ; also has machinery for cutting lumber. This is 
known as (Jrevel's mill. 

Hill Brothers' mill is at the mouth of the Little Elk river and 
manufactures flour and lumber. It has two runs of stone, and 12 
feef water head. 
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"V. 

THE GEOLOGY OF RAMSEY COUNTY. 



Situation and Area. 

Ramsey county lies east of the Mississippi and embraces St. Pan], 
the Capital of the State. It contains 101,124.62 acres. It is nearly 
rectangular, hut is indented on the south by a great northward bend 
in the Missippi river. On this bend St. Paul is situated. The fol- 
lowing tabulated statistics show the areas of the different towns, 
and dates of survey. The territory here described as lying south of 
the Mississippi river was detached from 'Dakota county and added 
to Ramsey county by an act of the Legislatnre, approved, March 
&th, 1874. The county has Hennepin and Anoka on the west, and 
Anoka on the north. Washington county, about eighteen miles 
wide separates it from Lake St. Croix, which is the eastern boun- 
dary of the state; separating it from Wisconsin: 
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The Surface Features. 

With unimportant exceptions the northern third portion of the 
county is flat while the remainder is rolling or hilly, becoming more 
and more broken toward the Mississippi river. Thus rolling surface 
in the southern portion is due to the present pose of the drift 
materials, and not to any upheaval in the rocks. The rocks 
everywhere lie practically horizontal, but they have been eroded by 
streams in numerous instances, prior to the driit-epoch, so that 
there are deep valleys in the rocky surface. These valleys materially 
modified the manner of deposition of the drift, and determined its 
composition at special points. The drift materials seem to have 
been accompanied by more water, in the act of deposit in the level, 
northern portion, than in the southern, and have also, since their 
deposit, been smoothed off by the same agency, during the preva- 
lences of a second glacial epoch. The loam that is spread over the 
most of the county is the sole product, in the most of Ramsey 
county, of this second glacial epoch, but it was spread by water 
instead of ice. Where the old drift clay is visible in the northern 
part of the county it appears as gravelly ridges rising slightly above 
the flat country round about, and is then but very slightly covered 
with the loess loam. This loam, however, is conspicuous and 
abundant over the most of the county, particularly in the eastern 
portions. 

The Mound View Hills, in Mound View township, afford the 
most important instance of the prevalence of the old hardpan drift 
above the general flatness of the country in that part of the county. 
They are in Sees. 10 and 15, T. 30 N. R. 23 W. They rise about 
100 feet abruptly above the valleys which separate them, and about 
200 feet above Rice creek valley. They consist outwardly of red 
gravelly hardpan, but they probably have a nucleus of harder rock. 
Their remoteness from the main belt of the Trenton makes it less 
likely that their rocky nucleus is of that formation. The Potsdam 
sandstone, as a quartzyte, rises in monoclinal hills in other parts of 
the State round the areas of the St. Peter, and forms several such 
rocky knobs. In this case, if this quartzyte be the cause of these 
hills, the original rocky knobs served as gathering places for a 
greater abundance of morainic drift. For further illustrations of 
similar phenomena in Minnesota the reader is referred to. the Second 
Annual Report p. 193. This series of knolls does not extend far in 
any direction, their principal elongation being N. and S. There 
are three principal hills. They are scantily timbered with Burr 
Oak. The lands about have comparatively but few Burr Oaks. 
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Natural Drainage. 

The most of the county is drained southwardly into the Missis- 
sippi. But the streams are small, and expand into lakes at frequent 
intervals. In the northern part of the county, where the most of 
these lakes are situated, there is less diversity of surface, and some- 
times the streams, and the lakes themselves, are skirted by extensive 
marshes or "hay meadows." In the northwestern part of the 
county the natural drainage is toward the northwest, and reaches the 
Mississppi through Rice creek. The Mississippi river, which. runs 
along the southern boundary of the county, lies in a deep valley 
which is about two hundred feet below the general upland. The 
streams which enter it generally pass down this descent gradually 
at points several miles distant from the river itself. But above Fort 
Snelling the streams enter it abruptly, by plunging over the per- 
pendicular bluffs of rock, by wbich the river is everywhere enclosed. 

The lakes of the county are, some of them, large and deep, and 
contain pure and clear water. They have low shores, and are but 
little below the general level in the northern part of the county, 
but in the southern they 'are in deep basins in the general surface, 
having gravelly shores and frequently attractive natural surround- 
ings. White Bear Lake in the northeastern part of the county, 
and Lake Como, near St. Paul, are the chief of these lakes that serve 
as summerresorts; though there are several other large, and perhaps 
equally pleasant, in the central part of the county. Some of these 
lakes are united by the St. Paul water works, and supply the city 
of St. Paul, through Lake Phalen, with water for public and domestic 
purposes. This line of water works, by means mainly of artificial 
connections, takes its supply from Pleasant Lake, passes through 
Vadnais Lake (connecting here also with the waters of Bass, Lam- 
bert's and Goose lakes), enters Gervais Lake, then Spoon Lake and 
finally discharges from Phalen Lake through an acqueduct, into St, 
Paul. Thus an artificial water-course is established from the northern 
to the southern boundary of the county— Rice lake, the most dis- 
tant with evident connection, being on the northern boundary, 
partlv within Anoka county. 

The water that issues at Fountain Cave, St. Paul, is that of a 
creek which disappears in the ground about half a mile distant — 
toward the city. 
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The knolls themselves are evidently "kames," and in studying their 
cause all the problems of the glacial epoch are brought before the 
mind. They are now supposed to have been formed, so far as the 
drift is concerned, in the beds of streams of water running on and 
through the ice, and in openings like great crevasses formed by the 
underlying rocky knobs, as the ice-sheet passed over them. These 
hills are conspicuous objects in the horizon from distant points in 
all directions. -They are visible from the high land in Reserve 
township, Sec. 16, T. 28 N. R. 3 W., and from their summits can 
be seen Anoka, Hamliue University, the Reform School, the spires 
and smokes of Minneapolis, some of the buildings of St. Paul, and 
the village of Centerville. This view is more extensive, but not so 
interesting as that on the peninsula on See. 16, Reserve, from which 
point these hills can be seen, and a fine vfew can be had over the 
valleys of the Minnesota and Mississippi covering Fort Snelling and 
Minneapolis at nearer range. 

There is another cluster of lower clayey and gravelly ridges in the 
northwestern part of White Bear Township, and an outlying area 
of Upper Trenton, causing a high tract in the southern part of the 
same township. 

The southern part of the county, mainly occupied with the 
Trenton formation, is generally higher than the northern. The 
drainage courses which pass through it toward the Mississippi lie in 
deep valleys, which are surrounded and hid by hills and ridges of 
drift These hills probably are due primarily to a rock-sculpture, . 
older than the drift, but the drift is so thick that the rock seldom 
appears in exposure above the surface. There is some appearance 
of the former extension of the valley of Rice Creek much further 
southward, and it is no unreasonable suggestion that the great 
Mississippi itself may have once occupied this valley, entering the 
great gorge again where it becomes remarkably widened at St. 
Paul; but the evidence is entirely topographical. Such as it is, it 
is perhaps over-balanced by a confusion of hills and high drift- 
ridges north of St. Paul, which render it improbable that the Trenton 
is anywhere entirely cut through from the Rice Greek vjlley to St. 
Paul, as would have been the case if the Mississippi ever passed 
through there. Other evidences of this hypothetical position of 
the Mississippi north of St. Paul are mentioned under the head of 
Drift. 
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Description of the Towns of Ramsey County. 

T. 28 N. E. 22 W. (Fractionary S. part of McLean and part of 
St. Paul. 

This town shows the extremes between high rolling or hilly land 
and low alluvial flood plain. The bluff portion east of the Missis- 
sippi is about a mile and a half wide and three miles long, running 
north and south, and is cut by east and west valleys and by trib- 
utary creeks, so as to have a rough or hilly surface. It is consid- 
erably more than half covered with small timber (oaks and aspens.) 
The rest of this town east of the river is low, and largely occupied 
by hay meadows or by marsh. A belt of soft timber growing to 
large dimensions, separates it from the river channel. On the west 
aide of the river there is a repetition of these features, but in 
reverse order. W. St. Paul is embraced in this portion. Area in 
Ramsey County 10,260.93 acres. 

T. 29 N. R. 22 W. New Canada, with N. part of McLean and 

N. E. part of St. Paul. 

This town has a rolling or hilly surface, and is about half cov- 
ered with timber. Toward the north it is more flat. Through the 
central portion passes the canal of the St. Paul Water Works and 
Phalen's Creek. It has several large lakes and also several marshes, 
but the most of the town is arable agricultural land. Area, 22,- 
467.09 acres. 

T. 30 N. 22 W. White Bear. 

This town, is mainly flat, and embraces a greater water area than 
any in the county. It also has several large marshes in the north- 
ern and central portions. It has asmall area of more elevated land 
in the northwestern corner, east of Pleasant Lake, and another in 
the southwestern, south of White Bear Lake. The subsoil is a 
gravelly clay, which sometimes rises to form also the soil, but the 
surface soil is usually either a sandy loam, which sometimes be- 
comes too light for good farming, or is a clay with a flat surface. 
Area, 19,270.98 acres. 

T. 28 N. 23 W. (Fractional.) Reserve, and W. part of St. Paul. 

This town has a rolling and generally a gravelly clay surface, 
and is either timbered with small oaks and aspens, or is of rolling 
prairie. It is diversified on three sides by the bluffs of the Missis- 
sippi. It contains no lakes and but few marshes. Area, 8,326.54 

acres. 
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T. 29 N., 23 W. {Fractional) Rose, and N. W. part of St. Paul. 

The southern part of this town is high and rolling, with a red 
clay subsoil. The northern part is more sandy and flat, embracing 
the portion round Lake Josephine and the southern part of Big 
Bass Lake. It also contains Lake Como, with a number of other 
minor lakes, with several marshes. These are mainly in the north- 
ern portion. Sections 16, 17, 21 and 22 are mainly of prairie. The 
rest of the town is well timbered. Area, 18,917.87 acres. 

T. 30 N., 23 W. Mound Vibw. 

The hills already described, near the center of this town, give it 
its name. Aside from these hills and a tract along the S. W. cor- 
ner, the whole town is Sat or gently undulating, and has a rather 
sandy soil. This sand, however, ia closely underlain by an imper- 
vious clay, as evinced by the numerous lakes and marshes which 
are found within its limits. Rice Creek is a slow, crooked stream, fre- 
quently skirted with marshes or hay meadows. The town is some- 
what more than half covered with small oaks, with aspens and elms 
in the low grounds. Area, 21,881.12 acres.' 

Elevations in Ramsey County. 

Above the Ocean. 

Lowest known water in the Miss. R. at St. Paul 676 feet. 

Highest known water in the Miss. R. at St. Paul 697 feet. 

Summit between White Bear Lake and St. Paul (8 feet cut), according 

to the St. Paul and Duluth R. R 959 feet. 

Junction at White Bear Lake, St. Paul and Duluth R. R 920 feet. 

St. Paul and Pacific Depot, St. Paul 689 feet. 

Base of the Capitol, St. Paul 782 feet. 

Bluffs back of the Capitol, head of Robert street 901 feet. 

Summit avenue bluff 910 feet. 

Junction of the St, Paul and Pacific and the St. Paul, Stillwater and 

Taylor's Falls R. R.'s 762 feet. 

Crossing of the St. Paul and Duluth and St. Paul, Stillwater and Tay- 
lor's Falls R. R.a 

Grade of St. Paul and Duluth R. R 817 feet. 

Grade of St. P., S. & T. F. R. R 797 feet. 

Grade of the Mil. & St. P. R. R. at Dayton 'b Bluff 696 feet. 

Soil and Timber. 

The southern half of the Gounty has a clayey subsoil, with a 
clayey ltess-loam overspread ; and in general the northern, more 
flat, portions have the same subsoil, with a sandy Icess-loam over- 
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spread. There are, however, many spots where the loass-loam is 
thin or wanting, where the subsoil constitutes also the soil ; but in 
the southern rolling portions this circumstance is likely to afford a 
clayey soil, while in the northern this clay is more gravelly. Along 
the Mississippi River is a large area of alluvial land, which is so 
wet that it cannot be depended on for general farming, hut furnishes 
a great deal of wild hay. There are also some higher flats along 
the river that are very fine for farming. The county, however, is 
nut generally occupied for farming, but is owned by non-residents. 
The following species of trees and shrubs were noted in the ex- 
amination of the county. 

QuereiiB coccinea. Wang. Tar. tinctoria. Bartram. 

[Note. — This is the tree that has been named Quercus rubra L. 
with doubt, in former reports. It is what is known oftenest as 
" Black Oak," hut also is called " Quercitron," and " Yellow Barked 
Oak." Careful observations were made in the survey of this county 
on this oak. There was a specially favorable opportunity in West 
St. Paul, where were seen evidently two species, of oak, the black 
and the red, yet nearly alike, growing in a ravine in the same 
situation. This was near the " Farmer's Hotel" on the E. side of 
the street. They were here in company with white oak. The two 
species here growing under the same circumstances showed constant 
differences. Several trees here, of each, are of about the same size, 
but small. The general habit and color of the two are the same, 
except that the red is more open-branched, and looser in the top, 
having fewer dead twigs and branches. The chief distinctions are 
in the leaf and fruit. The red-oak leaf has the same general shape, 
and the same number of toothed lobes as the black, but the central 
undivided portion is wider than in the black, and the whole leaf is 
longer in. proportion to its full width; hence its foliage is coarser 
and heavier than in the black. The leaves of the red droop, while 
those of the black turn easily with the wind, and stand in all posi- 
tions. In the fruit, the acorn of the red is double the size of that 
of the black, both growing on last year's wood; the acorn of the red 
rising three or more times the hight of the shallow cup, while that 
of the black only rises about twice the hight of the cup. The cup 
of the red is generally an inch across; that of the black about half 
an inch or a little more. 

This is by far the most abundant oak in the county, as it is 
throughout the southern half of the State; but there are some 
situations, particularly exposed, high hillsides, like the tops of Mound 
View Hills, in whichit is noticed to fail, though growing abundantly 
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■on lower levels, and to be replaced by the Bur Oak. It does not 
frequently appear as a large tree, but is generally less than ten 
inches in diameter, or simply has the size of shrubs, intermixed with 
Bur Oaks of the same size.] 

Quercus rubra. L. Red oak. 

[Note. — At present this oak must be restricted to the only point 
.at which it has been ideutified, viz. West St. Paul. 

Quercua macrocarpa. Michx. Bur Oak. 

Quercus alba. L. White Oak. 

TJlmuB Americana. L. (PI. Clayt.) Willd. American ESm. 

Populus tremuloides. Michx. Aapen. 

Populus grandidentata. ■Michx. Great-toothed Poplar. 

Populus monilifera, Ait. Cottonwood. 

Tilia Americana. L. Bass, 

Negundo aceroides. Mcench. Box Alder. 

Juglans cinerea. L. Bfctternut. 

Carya amara. Nvtt. Bitternut. 

Frasinus Americana. L. White Ash. 

Fraxinus sambucifolia. Lam. Black Ash. 

Acer rubrum- L. Red Maple. 

Acer saccharinum. Wang. Sugar Maple. 

Betulaalba. Var. populifblia. Spach. (?) White Birch. 

[Note. — About some of the lakes becomes 12 and 14 in. in 
diameter.] 

Larix Americana. Michx. Tamarack. 
Juniperas Virginiana. L. Red Cedar. 

[Note. — Large trees grow at Lake Johannah, and also along the 
rocky bluffs of the Mississippi.] 

Salix nigra. Marshall. (?) (And other willows). 
Ulmus fulva. Michx. Slippery Elm. 
Prunus serotina. Ehr. Black Cherry. 
Pinus Strobus. L. White Pine. 

[Only along the banks of the Mississippi above Fort Snelling.] 

Betula excelsa, of American authors. Gray Birch. 

[At Lake Johannah.] 

Prunus Pennsylvanica. L. Small Red Cherry. 
Prunus Americana, Marsh. Wild Plum. 
Zanthoxylum Americanum. Mill. Prickly Ash. 
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Ostrja Virginica. Willd. Ironwood. 

Carpinus Americana. Michx. Water Beech. 

Prunus Virginiana. L. .Choke Cherry. 

Amelanehier Canadensis. Torr and Gray. Juneberry. 

Pyrus coronaria. L. American Crab Apple- 

Rubus ocddentalis. L. Blaek-Cap Raspberry. 

Rubus itrigoeus. Michx, Red Raspberry. 

Rubus villosus. Ait. High Blackberry. 

Ribes Cynosbati. L. Wild Gooseberry. 

Bibes rotundifolium. Michx. Smooth Wild Gooseberry. 

Ribes lacustre. Poir. (?) Swamp Gooseberry. 

£Has a smooth fruit in racemes.] 

Sambucus Canadenses. L. Elderberry. 
Spiraea opulifolia. L. Ninebark. 
Spiraea sauctfoli&. L. Meadowsweet. 
CVltis ocddentalis. L. Hackberry. 
Alnus incana. Willd. Speckled Alder. 
Almis serrulata. Ait. Smooth Alder. 

[Note. — Both alders are found, often in company, on the flats 
about White Bear Lake, but the "smooth rarely exceeds three feet in 
hight, the other being ten or fifteen.] 

Amorpha canesceus. Nutt -Lead Plant. 
Amorpha fruticoso. L. False Indigo, 

[This has very much the appearance of a small locust.] 

Aristoloebia Sipho. L'Her. ( ?} Pipe Vine. 

Rhus glabra. L. Smooth Sumac. 

Rhus typhina. L. Staghorn SumV. 

Rhus Toxicodendron. L. Poison Ivy. (Tuttle Lake.) 
. Vitis cordifolia. Mkhx. Frost Grape. ■ 

Symphoricarpus oceidentalis. R. Br. Wolfbeny. 

Corylus Americana. Walt. Hazel. 

Comus florida. L. Flowering Dogwood. 

Cornus sericea. L. Silky Cornel. 

Conine alternilblia. L. Alternate- leaved Cornel. 

Comus panieulata. L'Her. Panioled Cornel. 

Ceanothus Americano!. L. Jersey Tea. 

Vaccinium corymbosum. L. For. amcenum. Swamp Blueberry, 
i Lonicera parvinora. Lam. Small Honeysuckle. 

Celastrus scandens. L. Bittersweet. 

Ampelopsia quinquefolia. Michx. Virginia Creeper. 

Rosa blanda. Ait. Early Wild Rose. 

Viburnum Opulus. L. Highbush Cranberry. 

Cornus stolonifera. Michx. Red-osier Dogwood. 

Crateegua coceinea. L. Thomapple. 
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There ia but little heavy timber in the county ; yet it is nearly 
all covered with small trees and shrubs. The uplands and the flat 
parts of the county are furnished with -black and bur oaks and 
poplar. The rest of the above species of trees are found in excep- 
tional situations, as along the shores of lakes or streams, or in the 
flood plain of the Mississippi river. Several species are also peculiar 
to the rocky bluifs. 

THE GEOLOGICAL STRUCTURE. 

The formations that will here be described, embraced within the 
county, are as follows: 

1. The St. Peter Sandstone. 

2. The Lower Trenton Limestone. 
2. The Green Shales. 

4. The Upper Trenton. 

5. The Drift. . 

6. The Loess Loam. 

The St. Peter Sandstone underlies the northern flat and sandy 
portion of the county and the alluvial portions along the Missis- 
sippi, outcropping in the blufls. 

The Lower Trenton is that quarried at St. Paul, and its area ia 
not distinctly separable from that of the other three members of the 
Trenton. These, taken together, underlie the billy and clayey 
parts round St. Paul and extend in diverging arms, one toward the 
northeast and one towards the northwest. Between these anna, 
which embrace all three parts, is an area which includes the north- 
western parts of New Canada and" the northeastern parts of Rose 
townships, that is probably underlain only by the Lower Trenton. 
All of these members underlie the township of Rose in general, 
and the eastern part of New Canada. They would also he found 
in the high portions of the eastern part of McLean. The key to 
this distribution is found at St. Paul, and in the hills south of White 
Bear Lake, where certain features of the topography are found to 
coincide with their presence, and another set of topographical 
features to prevail in their absence. These topographical indica- 
tions are almost the sole guide in thus assigning the parts of the 
Trenton to different parts of the county, on account of the abun- 
dant drift with which the county is covered. 



^Google 



STATE GEOLOGIST. 77 

The St. Peter Sandstone. 

This sandstone is seen in the bluffs of the Mississippi from Fort 
Snelling to the southeastern corner of the county; and by reason 
of the breaking down of the overlying Trenton wherever former 
drainage streams have run. and the easy erosion of this rock, it also 
becomes the surface rock in a number of tributary valleys. In' the 
city of St. Paul there is a large expansion of the St. Peter area over 
the low level through which Phalen's creek, and others, enter the 
Mississippi, which extends more than a mile north of the river. 
Further south are several such re-entrant areas in McLean town- 
ship. The wide bottom-land east of the river, in McLean township, 
is represented on the geological map of the county, as St. Peter, 
but it is possible that the Shakopee limestone, which is shown at 
. Red Rock, some further south, extends as the surface rock within 
Ramsey county, under the alluvium of the floodplain, but it is 
nowhere visible. At the most it can occupy but a small area. The 
St, Peter is about 150 feet thick. It has no noteworthy variations 
of character, as far as seen in Ramsey county, and it has already 
been described so many times that its lithological features need not 
be delineated again. 

The Lower Trenton. 

This is what Dr. Owen styled "St. Peter's Limestone," in his final 
report on the Geology of Wisconsin, Iowa and Minnesota, and which 
Dr. B. F. Shumard divided into:— 

1. Upper Shell limestone. F. 3. c 6 ft. 

2. Non-fossiliferous Bed. F. 3.b 5 ft. 

3. Lower Shell limestone. F. 8. a 23 ft. 

In later reports, particularly those of the Wisconsin geologists, they 

were designated as the "Buff Limestone," and the "Blue Limestone," 

the former lying below the latter. These terms, however were 

strictly applicable only to formations in Wisconsin, but by inference 

were extended to cover the geological horizon at St. Paul and the 

Falls of St. Anthony. The Blue Limestone, however, of northern 

Wisconsin seems to have been regarded by Dr. Lapham as the 

equivalent of the Hudson River Group, of New York, and also of a 

formation of the same name in Ohio, where the term originated, 

and supposed to lie entirely above the proper Trenton,* These 

•When thfa term was originally applied to the Ohio rocks they were regarded as a 
continuation ol the Trenton limestone ol > en York. 
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terms seem still the more inapplicable to the limestones seen at St. 
Paul and St. Anthony Palls, since the terms "buff" and "blue" 
should be in reverse order. The " Lower Shell limestone " is more 
frequently blue than the Upper Shell limestone, and is always so 
on fresh quarrying. The latter is rather a dirty gray or drab, ap- 
pearing somewhat like a tine-grained sandstone, and is often harsh 
to the touch. 

Later still the whole of the limestone exposed at St. Paul was 
classed by Prof. James Hall as the equivalent of the Wisconsin 
u Buff Limestone," the " blue limestone" being some higher mem- 
ber not distinctly recognized in Central Minnesota, but in the light 
of. farther observations now known to be what has been designated 
by this survey as the " Upper Trenton," at its chief exposures in 
the southern part of the state, but which has not until the present 
been discovered as far north as St. Paul. At the same time (Geol- 
ogy of Wisconsin, Vol. I, p. 33.— 1862.) Prof. Hall regards the 
Buff Limestone as the equivalent of the New York " Birdseye" 
and "Black River" limestone. In the meantime, the "Blue Lime- 
atone" in Ohio has become enlarged into the "Cincinnati Group," 
and the ^Trenton in that state involved so closely with it that its 
identity is nearly or wholly lost. On the west of the Mississippi, 
however, the Trenton has been shown to have a full development, 
and even to' take on a peculiar phase designated "Galena," while 
the aluminous phase so largely developed at Cincinnati has only 
been recognized in the "Maquoketa Shales" of Dr. White. 

Still more recently Prof. Chamberlain, of the Wisconsin survey, 
has shown (Geology of Wisconsin, Vol. II, 1873-77) that the lith- 
ological differences commonly relied on to distinguish the "blue" 
from the "buff" are not general nor reliable ; that there is no chem- 
ical distinction which holds good, and that the fossils of the "buff," 
as heretofore limited, are also to be found above the "blue." Hence 
he regards them as essentially one. Further, in the northern part 
of the State he states that even the Cincinnati Shales and Lime- 
stones are (indistinguishable by any satisfactory line of demarkation 
from the Trenton limestone, and includes that with the rest, under 
the general term " Trenton Group." 

With these preliminary remarks it will be understood that the 
term Lower Trenton is not supposed to convey any greater sig- 
nificance than an appropriate designation for a local lithological 
phase, by which the lower part of the great Trenton Group is 
easily distinguished from the rest in the state of Minnesota. 

Wherever the base of the Trenton has been seen in Minnesota, 
it has been found to consist of about 25 feet of calcareous firm 
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beds (sometimes with some shaly layers), which give great prom- 
inence to this geological horizon in the topographical effects which. 
they produce. They are underlain by an erosible sandrock, and 
overlain by a varying thickness of green shale. The underlying 
sandrock crumbles away, letting thelimerock project, but the over- 
lying shale sheds the surface waters that would otherwise disin- 
tegrate the limerock. These combine to preserve the limerock and 
to cause it to project in long, prominent headlands, and to form, the 
brows of ridges and terraces which diversify several counties in the 
southeastern part of the state. The thickness of the overlying 
shale has heretofore not been supposed to exceed twenty feet, but 
observations made in Ramsey county go to show that the whole 
upper Trenton, so called in the southern part of the state, is here 
changed to a calcareous shale, with thin limestone layers, perfectly 
comparable to the Cincinnati shales and limestone of Ohio. 

In Ramsey county this lower Trenton, or " Buff" limestone, as 
Dr. Owen at first designated it, is separable into three' parts which 
have pretty constant characters, and they are approximately as 
given above from Dr. Shumard, 

1. Impure, harsh, drab or dirt; buff limestone, containing 

lumps of ealcite and species of Strophomena and Orthis, 

with other fossils 6-10 feet. 

2. Shale, and calcareous shale with fragments of fossils 6-10 feet. 

3. Limestone, with aluminous parting. This is the building' 

stone of St. Paul. The min gling of shaly and calcareous 
parts throughout this limestone causes the dressed sur- 
faces of large slabs to have a blotched or mottled surface, 
particularly when the dressed side coincides with the 
natural bedding. This member is the most persistent of 
the Lower Trenton, but splits into thin layers on long ex- 
posure, due to the loosening of the shale throughout the 
mass. This contains fossils characteristic of the Trenton, 
but generally in fragmentary condition 15 feet. 

Besides the three main parts above described there are also several 
thin beds of green shale in No. 1, which seem not to be confined to 
any definite horizon, and nearly always a layer of green shale below 
No. 3. 

In sections of the bluffs at St. Paul given in Dr. Owen's final 
report, this limestone is represented as greatly broken and even 
faulted along the river from Fort Snelling to St. Paul and especially 
in the vicinity of New Cave (now known as Fountain Cave) near the 
railroad bridge of the Milwaukee and St. Paul R. R. This locality ' 
was specially examined. The layers of the limerock are, it is true, 
disturbed along the immediate river bluff and are mixed in some 
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confusion with coarse drift, but at points further from the river 
the bed9 continue along horizontal and unbroken, so that the for- 
mation itself cannot be said to be disturbed. Dr. Owen attributes 
rightly this broken condition, so far as the blocks seem to He on 
drift materials, to the action of water, and probably that of the river 
at some higher stage. The beds were undermined and dislodged, 
but were not transported. Probably floating masses of ice, during 
the last glacial epoch which did not extend as a continuous ice-sheet 
east of this place, in Minnesota, played an important part in dis- 
placing these limestone blocks, and in depositing among them the 
water-worn drift. 

The Green Shales and Upper Trenton. 

The first intimation of the existence of any rock in situ in Ramsey 
county, above the Green Shales as they have been described in 
counties further south, and in Hennepin county, was found in the 
drilling of the well at the State Reform School near St. Paul. This 
was ordered by the legislature of 1877, and was done by C. B. 
Whelpley of Minneapolis. Mr. F. McCormick, Secretary of the 
State Reform School, has furnished the following: 
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Notes of the Deep Well Bored at the State Reform School, in the 
Months of April and May^ 1877. 



- ■ Feet 

_ l. Two feet black sol] a 

_ 2. Three feet graveL, 3 

3. Sin inches Play. 0% 

4. Thirteen feel coarse gravel 13 

- 6. One foot line sand 1 

- 6. One foot coane gravel I 

_ 7. One foot fine sand 1 

- B. Thirteen feet coarse sund 13 

9. Two feet bonldere .. . a 

_ 10. Three inches lime tock OH 

_ il Three feet elay 3 

_ 12. Twofeetsand. nlthwater. .. . a 

- 13. Stat feet thrf <? inches shell rock 

_ with clay en 

14. Seven feet hard lime rock 7 

- IB. Twofeetolay a 

is. One foot hard rock 1 

17. Fourfeetblueclay 4 

18. Four feet haul luck . . 4 

~ 19. One foot blue clay. 1 

" so. Three feet lime rook 3 

21. Six feet clay, light cotor 6 

- 22. Five feet clay, dark color S 

" 23. Four feet yellow clay. 4 

_ 24. Flvefeetblue clay. S 

25. Eight feet blue nay- very hard), fl 

- 2P. Twenty-eight feet blue clay. ... an 

- 27. One foot limestone (bard) I 

28. Six feet blur Mian sione <S 

- as. Threefeetlliueiock 3 

3D. Three and ooe-lialf feet blue 

soapstone , 3H 

31. Oneand one-hall feet llmerock Hi 

32. Twenty-eight and one-half feet 

blue lime stone 28W 

_ 33. Five feet blue clay b 

_ 34. Reventy-aevenandone-halffeet 

white sand rock 7T*i 

~ Whole depth 262 

An abundant supply of water was ob- 

- tallied at the depth of iso feet. This 
supply, however, was not tested until 
after the well had been bored one hun- 
dred feet below it. The drill at that 

- point, became fixed and immovable, 
so that the contractor was wholly un- 
able to proceed further, when, after 
experimenting with pumps, it was found 
that the supply waa sufficient for all 
practical purposes. 

The water was obtained after drilling 
about ten feet in the lime rock of No. 32. 

From this source the water rose in the 
well about eighty feet. The water is 
supposed to be of excellent quality. 
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Of these, No. 34 is plainly the St. Peter sandstone. No. 33 is 
the green shale which is nearly always seen over the sandstone in 
Hennepin and Ramsey counties. Nob. 32 to 29, inclusive, include 
the Lower Trenton, but the thickness seems greater than elsewhere 
observed, being 36 J feet. The rest of the drill seems to be taken ap 
with alternating shale and limestone layers, the greater portion 
being of shale. Of this thickness (101£ feet) probably the main 
mass of shale, near the bottom, said to have been 28& feet thick, 
represents the green shales that had before been identified; but 
there is not sufficient difference between this and the rest to exclude 
the application of the same term to the whole of the beds above 
No. 29. 

A few months later an exposure of green shale was seen in the 
road, N. W. i See. 9, in Reserve, accompanied by Chwt-eets and 
Orthis, above the level at which the regular green shale could exist. 
Blocks of fossiliferous blue limestone were also seen abundantly 
along a ravine in the same township. (Sec. 15) mixed with the debris 
of the red hardpan clay, far above the level of the Lower Trenton; 
a circumstance at variance with any thing before seen in Ramsey 
county. Finally, the beds in place were found in a good exposure 
along Ramsey street in St. Paul, where it ascends St. Anthony 
Hill. They were first seen in a little artificial ravine made for a 
watering tank. They are expmJ in a similar manner in other 
ravines that descend St. Anth>ny Hill toward ths river, farther 
west. The basis rock of S:. Anthony Hill is the same. Their 
thickness above the Lower Treutou is 108 feet, and they have a con- 
spicuous strike, as already stated, in a line of drift-covered bluffs 
that run from St- Paul northwestwardly, reaching Anoka county 
south of Rice creek, causing the high and hilly land there seen. 
These beds also form the nucleus of the high land that extends from 
St. Anthony Hill southwestwardly toward Fort Snelling, distant 
about three-fourths of a mile from the river. 

These beds are very shaly, not more than one-third of the whole 
being limerock, and contain the usual fossils of the Lower Trenton, 
but their paleontology has not yet been examined carefully. .- 
whole formation seems to have the characters of the Cincinnati, e 
exposed in Green Bay, Wisconsin, or in Ohio. 

The Trenton Group, 

In New York the Trenton limestone is succeeded by a mass 
shales with the local designations, Utica slate, Frankfort slate, Shales 
and sandstones of Pulaski, and Lorraine shales. These were all em- 
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braced in the terra Hudson River Group, which had before been 
applied to a mass of shales that are now known to be much lower. 
On account of this error the term Cincinnati Group has been gen- 
erally substituted. 

On the other hand in Iowa and southern Wisconsin and Minne- 
sota, the Trenton limestone is found to pass into the Galena by slow 
stages and to be followed, at least in Iowa, by a greatly reduced 
representative of the Cincinnati Group, named by Dr. White the 
Maquoketa shales. Leaving Iowa and passing into Minnesota the 
Trenton limestone increases in thickness, and the Galena diminishes, 
the latter becoming interstratified with beds of shale. In Olmsted 
county, still further north, the Trenton also contains numerous 
beds of shale and the Galena is still further reduced. The beds are 
traceable by continuous or frequent outcrops throughout Goodhue 
and Rice counties, with an increasing amount of contained shale 
in the Trenton, and finally with the total loss of the Galena. On 
account of the soft and shaly nature of the upper beds, by the time 
they reach Ramsey county they are so covered with the greater 
drift accumulations that their presence so far north had not before 
been suspected. Here is an ascertained horizontal change in the • 
character of the beds of this formation, between the southern and 
central portions of Minnesota, which brings up the question as to 
the designation they should bear at St. Paul. Tbey are the hori- 
zontal equivalents of what has been recognized as the Trenton form- 
ation in the southern part of the State, and in neighboring States, 
and contain the same fossils ; but they have the lithological 
character and the geological position of another well organized 
group of rocks in Ohio and northern Wisconsin. The eastern Cin- 
cinnati fossils are also the western Trenton fossils. Here we have 
two equally well established names for the same series of beds. 

The cause of this gradual change in the formation from dolomitie 
limestone to a pure limestone, and then to an argillaceous lime- 
stone, and at last to. a mass of calcareous shales, is to be sought for 
in the character of the ocean's bed, and the nature of the water and 
its currents, in the Silurian ocean. And here it is only necessary 
to apply a well known law of ocean sedimentation, viz.: the nearer 
the shore the shallower the water, and the coarser the sediment. This 
seems to make dolomitie limestones in the deepest waters, ordinary 
limestone in deep water, aEd shales and sandstones in shoal water. 
The strike of the formation under consideration passes through all 
these conditions and directly toward the metamorphic area of the 
State which lies but little further north. Hence, at St. Paul the 
water was much shallower than at Rochester, and the sedimenta- 
tion was much coarser ; while at Rochester there was much more 
shaly sediment than at Dubuque. The direction of the strike of 
these rocks in New York State is along the shore-line of the ancient 
ocean, and hence the opportunity for noting this change was much 
less favorable. In Wisconsin, and Minnesota the strike is north 
and south, and in Minnesota rapidly approaches the ancient shore- 
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The Drift. 

While the county is wholly covered with a red hardpan clay, 
believed to be of the age of the first glacial epoch, it shows some 
variations that require special mention, and is also furnished with a 
lake deposit which forms the surface soil. 

At St. Paul the red hardpan is found uniformly in excavating for 
buildings in all that low area about the levee, and in the deep cuts 
through the gravelly bluff north of E. Third street. Although 
here it is covered with sometimes more than forty feet of lighter- 
colored drift materials, it emerges from under these immediately on 
getting outside the valley either north or south, and is covered, but 
sometimes thinly, with the loess loam. This overlying loose drift is 
found along the Mississippi valley throughout the county, and 
everywhere shows the action of water in its deposit. It very seldom 
contains any clay, and when it does the clay is stony and has a 
different color from the red hardpan clay. Above Fort Snelling, 
and in the western part of Reserve and Rose townships, the red 
hardpan has not the same clayey and unmodified character that it 
has in the eastern part of the county. It seems to have been washed 
by water, and in that manner to have lost some of its clay, while 
there are localities where materials of a different color, particularly 
gravelly deposits, are superimposed or mixed with it, so that sections 
seen along the western part of University Avenue have a confused 
arrangement and mingling of the coarse water-worn materials of 
both the red hardpan and the gray, with occasional patches of gray 
hardpan. This water-washed condition also prevails in the low 
gravelly knolls and ridges that are seen occasionally in the northern 
flat part of the county, but without any intermixture of materials 
referable to the gray hardpan. In the high and rolling tract occu- 
pied by the Upper Trenton, this red hardpan shows to the best 
advantage, whether in the western or eastern part of the county. 
In the deep excavations made in St. Paul this red hardpan is seen 
to be overlain by a fine red laminated clay, which is probably of the 
same nature and origin as the so-called Tripoli found at Stillwater, 
the thickness of which sometimes reaches six or eight feet, but 
which in some places is entirely wanting. This seems to be related 
to the underlying hardpan sheet somewhat as the laminated brick 
clays and loams of later date are to the gray hardpan which they 
overlie, and was deposited during the waning period of the former 
glacial epoch, and when water was abundant but comparatively 
quiet. 
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What has now been described, i. e. the red hardpan and the red 
laminated clay overlying it, were the products of a glacial epoch 
which brought its materials from the north and northeast, the red 
color being due to the prevalence of the debris of red sand- 
stone, shale, -and other iron-charged rocks that are developed 
largely in the vicinity of Lake Superior. Whether this ice-period 
preceded or followed the excavation of the immense gorge of the 
Mississippi which is visible southward from Dayton's Bluff in St. 
Paul, is not ascertained by any observed facts, but several consider- 
ations would require a date subsequent to that excavation — or to 
the greater portion of it. It is probable the Mississippi began to 
excavate that gorge at the time of the elevation that brought the 
upper Trenton (or the Cincinnati) above the Silurian ocean, an event 
which has been taken to divide the Silurian in America into two 
parts, the upper and the lower. In that case it is the oldest portion 
of the Mississippi gorge at present known, and has since that event 
carried off the waters of the Metamorphic land areas of Wisconsin 
and Minnesota. The St. Croix valley seems to be equally old, and 
perhaps served tor the drainage mainly of the Wisconsin area, 
while this carried only the waters of the Minnesota area, the 
two uniting then, as now, at or near Hastings. The sculptur- 
ing of the rocksinto canyons in the western portion of Wisconsin, 
and their uniform trend south west wardly show they must always 
have reached either the ocean or a great river, lying in that direc- 
tion. Isolated areas of the Trenton in northwestern Wisconsin, as 
well as in central Minnesota, left to the present without destruc- 

- tion, though surrounded by larger areas of older formations deeply _ 
cut by the same forces into gorges and wide valleys, point directly 

.to the close of the Lower Silurian as the starting point of the his- 
tory of this part of the Mississippi valley. The rest of the valley- 
gorge, even to the Gulf of Mexico, being composed of much later 
formations, must have been unformed, even buried in the stowly 
accumulating sediments of the ocean for many ages later. If some 
portions of it are wider, or deeper, than this, it is due to greater 
volume of water, and to softer rocks, not to greater age. It is 
probable, then, -that the advent of the first glacial period did not 
divert the Mississippi river from its channel below St. Paul. But 
the valley is much narrower above St. Paul than it is below, and 
this continues indefinitely south west wardly by way of the Minne- 
sota valley. This is very noticeable on examining the geological 
map accompanying this report. There is also a significant change 
in the direction, and one the more significant as it seems not to have 
been due to any rock formation existing at St. Paul, but directly 
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contrary to the rock sculpturing that exists, there favorable to the 
continuance of the river in any preoccupied valley running in the 
same direction. Allusion has been made to a possible ancient gorge 
through the Trenton north of St. Paul in describing the surface 
features of the county, but in the geological map of tthe county no 
sueh gorge is represented, because it never has actually been dis- 
covered, and its hypothetical location would perhaps be of no ser- 
vice. 

These anomalous and significant facts can all be reasonably ex- 
plained on the supposition that the Mississippi river was diverted 
from its ancient valley-gorge, north of St. Paul by the ice and drift 
of the first glacial epoch, and that it was driven into that which has 
been described in the report on Hennepin county, toward the west 
further, and joined the Minnesota valley at some point above Fort 
Snelling, but between that point and Sbakopee, without passing 
over or through the Trenton limestone at all. Their united waters 
then formed the river which excavated the gorge between Fort 
Snelling and St. Paul (unless the Minnesota alone had already done 
it) between the first and second glacial epochs. 

When the second glacial epoch came on, the country must have 
been more or less eovered with constant or. periodical ice sheets for 
many miles south of the line limiting actual glacier movement. 
These minor local and seasonal ice-areas produced their subordinate 
effects, bnt so similar to those of the great moving glacier itself that 
it is rendered very difficult, except with the aid of certain marked 
differences in the nature of the transported material, or some fortu- 
■nate topographical or other evidence, to define the area of the second 
great glacier as compared with that of the first. These local ice- 
areas, which could not have had much movement as ice, served to - 
disturb the surface of the old drift, and, by the water they afforded 
on breaking up periodically, to carry away the clayey parts, and to 
mix superficially the materials of the new drift with the old. At 
points, like that of Hennepin and Ramsey counties, where a great 
river course co-operates to mix these materials, we would necessarily 
see the new extending farthest over the old, and even the effects of 
ice in large masses extending down the valleys further than on the 
uplands. 

In Hennepin county, and generally o*er the northwestern part 
of the State, are evidences that the ice of the second glacial epoch 
moved rather from the northwest than from the northeast. (See 
Hennepin county report, 1876.) The washed surface of the old 
drift, and the area of the loess-loam, both indicate that Ramsey 
county and the southeastern part of Hennepin were not disturbed 
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generally by the glacial ice of this epoch. The disturbance, however, 
was sufficient to choke up again the Mississippi river, and at the 
mouth of Bassett's creek in Minneapolis, to drive it to the east, ' 
as fully detailed in the report on Hennepin county, thus bringing it 
into the channel that it now occupies between Bassett's creek and 
Fort Snelling. 

The drift of the second glacial epoch is found as a stony clay in 
few places in Ramsey county. In some of the excavations at St. 
Paul, in the lower portions of the city, a gray hardpan is found, 
and there may be a considerable of it even under the water of the 
river itself, filling a deep gorge, but it lies over the red hardpan 
when that also is present. The disintegration and wash from the 
shales of the Upper Trenton seems also to have mixed with the drift 
at St. Paul so abundantly as to produce a stony gray clay which is 
hardly distinguishable from the true glacial clay. Some parts of. 
Reserve township also show patches of the gray hardpan, rather 
mixed with than overlying the red. 

As a gravel or course sand, the product of the second glacial epoch 
is much more abundant in Ramsey county. The gray gravel and 
sand, with the washed limestone pieces and boulders composing the 
bluffs and hills that have been so much excavated for streets at St. 
Paul, are the modified product of the second glacial epoch, modified 
at the time of their origin and deposition by the water resulting 
from the disintegrating margin of the glacier (perhaps here feebly 
extended to this point) but augmented by the co-operation of the 
natural waters of the Mississippi, then swollen to great dimensions. 
The same deposit, but much less abundant, produced by the same 
agency (except the presence of the Mississippi) is spread over much 
of Reserve or Rose townships, and has already been alluded to as 
the indirect effect of the second glacial epoch over the pre-existing 
drift surfaces. 

Occasional pieces of northern limestone are found in the drift 
ridges and knolls about Mudhole and Fitzhugh and Gervais lakes, 
and two pieces of native copper were found on the south side t>f 
White Bear lake, near the Ramsey county line. Indistinct glacial 
marks in West St. Paul, under the red hardpan, run W. N. W.j 
but this was an unsatisfactory observation. 

The Loess Loam. 

That this deposit is the result of widespread diffusion of fresh 
water, at the time of the last glacial epoch, over those surfaces 
either drift-covered or not, which were not at the time affected by 
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the glacier movement, is highly probable ; but what the peculiar 

circumstanees|and causes of such gentle diffusion of nearly tranquil 
waters were, it is not yet possible satisfactorily to detail. The loess 
loam is found in all parts of Ramsey county, but it varies in thick- 
ness and in composition. It is thin or wholly wanting in some 
rolling gravelly tracts, and is very thick in some confined valleys- 
It is sandy, or graduates downward into sand, in much of the north- 
ern part of the county, particularly in Rice Creek valley, and in 
some places in the bluffs of the Mississippi below St. Paul, and it is 
fine and somewhat clayey in the high and rolling clay tract in the 
eastern part of the county, particularly in the eastern part of New 
Canada. It forms a very fine soil for farm crops. It covers the 
boulders and gravelly clay of the real drift. It fills some old valleys 
— indeed is always thicker in valleys than on the uplands. It is 
occasionally stratified and passes into sand below in places where 
agitated water was abundant enough to have moved such materials 
before the epoch of the loam. In other cases it is placed abruptly 
immediately over a coarse, gravelly or boulder-bearing stratum. 

In the southwestern corner of the state (Rock and Pipestone 
counties) there is a gradual change from stony boulder-clay to the 
loess loam, horizontally, in passing from the Coteau de Prairie (in 
Lyon and Murray counties) southward to the Iowa state line. Ex- 
posures along the banks of creeks, and the digging of wells, make 
this plain. There is a gradual loss of boulders, then of the small 
stones, then of gravel ; and an equally gradual increase of the char- 
acteristic features of the loess-loam, — close, clayey consistency, 
crumbling in the air like slacking quicklime, and white limy con- 
cretions. In some cases the concretions, which have been so often 
mentioned as a peculiarity of the loess-loam, are in the same deposit 
with small gravel stones of northern origin ; and pieces of northern 
limestone. The drift clay, true northern boulder clay, the product 
of glaciers, thus changes gradually into a true loess-loam, the pro- 
duct of aqueous agencies. While this indicates for that locality, at 
least, a merging of one force into the other, and the slowness of the 
change, through an interval of about $0 miles in a broad, level, open 
country, it perhaps gives the key to the events that occurred in 
other latitudes where the surface was more broken, and where the 
effects are more complicated by not having all the steps .recorded. 
Just as in the older geological formations, wherever the series is 
complete, without sudden transitions, the history is best known, so 
in the history of the drift, where the effects change gradually, are 
the records of " lost " epochs, and these " beds .of transition " need 
the closest scrutiny, being the only evidence of what transpired 
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between formations which in other regions pass abruptly from one 
to the other. This here indicates that the age of the loess-loam was 
cotemporary with that of the boulder clay in the Coteau de Prairie. 
There must he some explanation given for the co-existence of these 
forces which spread the loam and those which brought the glacial 
drift. In other words, if the loam, which js sometimes a laminated 
day, be regarded as the equivalent in age of the fine laminated clays 
of the great lakes and of other high-water marks in the northwest, 
which have been referred to a distinct " epoch " by Dana and others 
(the Champlain), then that epoch was not subsequent in time to the 
glacial epoch but cotemporary with it, and its phenomena differ from 
those of the last glacial epoch because they have been studied at 
distant points where they are contrasted, and where the glacial 
winter operated differently. Where there is an immediate succes- 
sion of superposition, that fact in the drift does not imply immediate 
succession in time any more than it does in the Silurian rocks, a 
fact which has been ignored many times ; and hence have resulted 
a great many special histories and theories. The loess-loam, for 
instance, lies on the older drift clay all along the Mississippi valley, 
and has generally been taken to prove an immediate transition from . 
the drift-epoch to the loam-epoch, when really a long period of 
time, involving forest growths and the slow on-coming of a glacial 
epoch, intervened, the loam itself passing horizontally into the 
glacial deposits of that epoch. 

So in Ramsey county the loam has been seen to follow by insens- 
ible gradations from a sand or even a fine gravel, the change here 
taking place perpendicularly. In this case the coarser depositbelow 
was the result of more copious and more agitated water, as in the 
bluff-terraces below St. Paul, or in the washed materials in the 
western part of Reserve township, and the loam the result of the 
diminution and more quiet state of the same waters. Thus, if the 
waters which overspread and washed the old drift and formed the 
gravelly terraces of the Mississippi came from the ice-fields of a con- 
temporary glacier lying further north, then the waters which spread 
the loam, a finer deposit, also came from the same source, operating 
a little later, and with diminished force. 

Wells in Ramsey County, 

Good water for all household purposes is obtained in Ramsey 
county with little effort, in shallow wells that seldom pass through 
the drift, the majority of them being less than twenty-five feet deep. 
Throughout the northern portion of the county water is generally 
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found in sand, or below a sandy loam, which also rises to the surface 
forming the soil and subsoil. The underlying clay is seldom pene- 
trated to any great depth. But in the southern portion wells more 
frequently are deeper, and obtain water in gravel after passing 
through not only the surface loam but also a greater or less amount 
of red clay. 

Material Resources — Timber. 

The county is generally clothed with a scant forest growth, but 
the trees are small. There is not much timber of any sort suitable 
for lumber, and it is not much cut for fuel. Farmers cut some and 
haul it to St. Paul, but the wood fuel of St. Paul is very largely 
supplied from the " Big Woods," west of the Mississippi river. 

The county has generally a good soil, the most of which still lies 
in its primeval condition. So far as the natural resources of the 
-county are concerned, they he in its soil to a greater extent than in 
any thing else. 

Building Stone. 

The stratum of the Lower Trenton used at St. Paul is the same 
as at Minneapolis, and furnishes a stone similar in all respects. 
The stone for the piers of the bridge over the Mississippi was taken 
out in West St. Paul, but about half a mile above the bridge. 

The quarries in West St. Paul are in the public street, and are 
worked by Adam Rowe. 

On the other side of the river, Mr. Sigler has quarries in operation 
on Stewart Avenue, near Leech street. The most important quar- 
ries in St. Paul are near the State Capitol, but there are a great 
many other small openings in different parts of the city. 

Although this formation has been used in the majority of the 
stone buildings in St. Paul, and makes a fine appearance, yet its 
tendency to disintegrate has caused it to be less regarded, and has 
led to the introduction of other building stone. The U. S. Custom 
House is built of Sauk Rapids granite, and the Baptist Church 
-of the Shakopee limestone quarried at Kasota. 

Along the south side of White Bear lake, Sec. 32, Grant, Wash- 
ington county, are exposures of the Trenton, some of which have 
been opened by Messrs. Walter and Weaver. Another is on the 
land of Mr. Huffman on Sec. 30, nearer the lake, in the bluffs facing 
northeast; and still others are further south and east. There is 
-every reason for expecting as good building stone here as at St. 
Paul, except that the beds would naturally be a little more shaly, 
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being situated nearer the ancient shore line when the deposit was 
forming, and for the same reason that makes the Trenton at St. 
Paul more shaly than at Faribault. These exposures, however, have 
not been much worked, and do not seem to be generally known. 

Mills and Water-Powers. 

The St. Paul Mills, St. Paul, are owned by Henry Shaber, and 
are on Phalen's creek. They haVe three run of stone for flour and 
one for feed. Have 20 feet fall of water, and turbine wheel. Only 
grind for custom use. 

The Brainerd Mills, (Thau and Ham), have three runs for flour 
and one for feed, and are also in Phalen's creek, with 30 feet fall and 
turbine ; custom and shipping. 

The City Mills, (Lownsman, owner) St. Paul, have two runs of 
stone for flour, and 19 feet fall ; custom only. 

The North Star Milk are also at St. Paul, and have three runs of 
atone for custom work, and 19 feet fall, owned by Protz and Braun. 

The Union Mills are owned by W. Lindeke, with four run of 
stone, and 20 feet fall, situated at St. Paul. ' 

The last three above are run by overshot water-wheels. 

The Reserve Mill are on the Fort Snelling road, at St. Paul, and 
are only calculated for grinding feed ; have two runs of stone and 
20 or 21 feet fall ; owned by — Cunrad. These mills used to do 
flouring. 

Brick in Ramsey County. 

John Jaeger, St. Paul, on Dayton's bluff, makes red brick from 
the loess loam. 

Graham & Co., W. St. Paul, make red brick from clay taken from 
the alluvium of the flood plain. This yard, however, is now inactive, 
and ia owned by John Jeeger. 

Section 32, White Bear. Formerly a good red brick was manu- 
factured at a point between the railroad and the lake shore (Vadnais 
lake), from the surface loam that here covers the country, but as 
the owners were not much patronized, owing to the general financial 
depression which retarded all building, the yard was closed, and re- 
mains so. 

The brick clay which is seen in the bluffs at St. Paul, in the ex- 
cavations made for street purposes on Fifth street, between Sibley 
and Wacouta, lies between deposits of coarse gravel and stones, all 
water-washed. Thi3 clay, which is probably the near equivalent in 
age and nature of the brick clay so extensively used for brick at 
Minneapolis and Carver, has not been thus employed at St. Paul. 
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Earthworks. 

On Dayton's Bluff are several large mounds, one being about six 
feet high and 30 or 40 feet across. 

At White Bear Lake is a large artificial mound, about 12 feet 
high and 35 or 40 feet across. It is close to the shore of the lake, 
■within the village, on lot 2, on the road to Goose Lake. 

In Dayton's bluff, ,on P. Kelly's place, is a covered cave in the 
white sandstone, not far from Carver's cave, in which is a deposit 
of clay containing lumps, and some large pieces, of what goes by the 
local name of "kaolin." It is purely white, tasteless, and gritless, 
and seems to be the same as the white veinings found in the lacus- 
trine clay of the Red river valley. This clay is said to completely 
fill the cave, which was discovered in digging to make room for a 
house and barn in the lower part of the bluff The clay resembles 
that seen at Mankato in the nooks of the Shakopee rocks, as de- 
scribed in the Second Annual Report, but it has not been possible 
to give it, nor the cave, any satisfactory examination. It is prob- 
ably of the nature of Carver's cave itself ; and they should both be 
carefully examined for traces of ancient habitation. 

In another part of the Annual Report for 1877 will be found 
further account of early man in Bamsey county, and illustrations 
of some implements found in St. Paul. 

The survey of Ramsey county was facilitated by the active inter- 
est and guidance of Hon. C. S. Bryant, of St. Paul. 
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THE GEOLOGY OF ROCK AND PIPESTONE 
COUNTIES. 



Situation and Area. . 

These counties form a rectangle running north and south, in the 
very southwestern corner of the State, and border on Iowa and 
Dakota. They have a width of a little more than three government 
towns, and each a length of four. 
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Sttrvtyittg Statistics of Rock County. 
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Surveying Statistics of Pipestone County. 
BY V. IB, SHOW. 
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Natural Drainage. 

The drainage is toward the south and southwest, and finally 
enters the Missouri river near Sionx City, in Iowa, being the only 
water from the State of Minnesota that takes that route to the 
Gulf of Mexico. The main stream is Rock river, which flows almost 
due south, receiving several tributaries from the east, but none that 
are important from the west. Other streams rise west of Rock river, 
having their headwaters neiir that stream, but flow westward, leaving 
the State, and finally reaching Big Sioux river. These latter are 
the Flandrau, Pipestone, Splitrock and Beaver creeks. 
* These streams are all small, and in the summer time some are 
rather valleys where gathers a little water, than living streams. 
They furnish no water-powers that have been improved, as yet, 
though without doubt, some parts of Rock river would furnish 
sufficient fall for milling by a little artificial aid. 

Surface Features. 

These are emphatically prairie counties, and are nearly level over 
large tracts. They are undulating in their eastern portions, due to 
the existence of more numerous streams whose valleys lie rather 
deeply below the general level. Along the valley of Rock river and 
its tributaries is the greatest diversity seen in these counties, and 
this is mainly confined to Rock county, though the high peninsula 
between Rock river and Chanaranbie creek in the southeastern part 
of Pipestone is a prominent object in the horizon for many miles. 

Rock river valley is about a mile or a mile and a half wide. The 
immediate banks are from six to ten feet above the water, and are 
composed of gravel, which is sometimes coarse, and is very largely 
made up of limestone. The outer banks are from fifty to seventy- 
five feet higher, and on the eastern side are more stony with foreign 
boulders than on the west, a circumstance, however, which may be 
owing to the action of the prevailing western winds, which would 
uncover and keep bare the coarser materials of the surface by blow- 
ing away the sand and clay during the dry and windy months of 
the year, while the blufls on the west side would not only not receive 
such winds, but would serve to collect all particles flying toward 
the east from the prairie above. • 

The range of high rocky land running northwest from Mound, 
near Lu Verne, is a conspicuous object in the horizon from the north 
and east, and looks like the Coteau from Marshall. The highest 
point is where it breaks off squarely to the valley of Rock river, and 
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is distinctively known as " The Mound." There is no rock south 
or east of that, except occasional boulders, which are common along 
the drift bluffs of Kanaranza creek. 

The country northeast from Lu Verne, along the Champepedan 
creek, and toward the " Lost Timber" (Sec. 2. T. 105, R. 43 W.) is 
in general, a fine undulating prairie, the subsoil being a yellowish, 
gravelly and stony clay, with rarely a visible boulder. 

The bluffs of Chanaranbie creek and Rock river, in Pipestone 
county, are abrupt and from 75 to 100 feet high, comprised of drift. 
There are here a great many short, sharp ravines, branching from 
these valleys, cut deeply, like the ravines in the bad lands of Mon- 
tana. The flat bottom lands support a heavy growth of grass. 

Beaver creek valley is broad, with changing rolling blufls, about 
half a mile wide, with no terraces. The low land is cultivable, but 
little water being in the valley. The upland is also undulating or 
rolling, a prairie, with no shrubs nor trees, nor stones. The soil is 
the loam, which becomes more and more like the loess loam of the 
Missouri, toward the south, while toward the north it is more grav- 
elly and stony. Along Beaver creek the stones are very scarce, but 
they do occur along the brows of knolls, and are struck in digging 
wells, even in this loam. 

Pipestone county is more uniformly a smooth prairie than Rock, 
and is marked by long ridges or swells, corresponding to the low 
water-sheds running north and south. The subsoil of this county 
is nearly everywhere a gravelly or stony clay, but becomes finer 
toward the surface, and in the soil it is rare to see a northern boulder. 

There are but few settlers in Pipestone county, and Rock county 
has but lately been occupied. Pipestone city is a " paper town " 
and has three houses, one of which is occupied and accommodates 
the only post-office in the county ; but it is on the line of the prob- 
able extension of the Southern Minnesota railroad. Land in both 
counties is rapidly being taken both by settlement and purchase? 
the new settlers being generally farmers from the eastern pare of 
Minnesota or from further east. 

THE GEOLOGICAL STRUCTURE. 

The only known bedded rock in these counties is a red quartzyte, 
probably the equivalent of the New York Potsdam Sandstone, but 
which Dr. C. A. White, of the Iowa survey, has designated the Sioux 
Quartzyte, as it is seen to outcrop in the extreme northwestern cor- 
ner of Iowa. Of this the largest exposures are in Rock county, but 
the best known is at the famous " Pipstone Quarry," near the cen- 
ter of Pipestone county. 
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As this locality has become somewhat famous on account of the 
extensive use made of the red pipestone by the Indians, and the 
difference of opinion expressed by scientists as to its origin and age, 
the following resume will be of interest : 

The first written account of the quarry was by George Catlin, 
found in the 38th volume of the First Series of the American Jour- 
nal of Science and Arts, p. 138, in a letter addressed to Dr. C. T. 
Jackson, to whom he also sent a sample of the pipestone for analysis. 
The journey was made on horseback from the falls of St. Anthony,. 
in the summer of 1836, in company with " a young gentleman fromi 
England, of fine taste and education," and a single Indian guide. 
Mr. Catlin describes the quarry as " on the very top " of the Coteau 
des Prairies which rises above the country about it with graceful 
and almost imperceptible swells. The quartzyte he regards " a sec- 
ondary or sedimentary deposit," but no further defines its supposed 
age. 

Jean N. Nicollet visited the quarry in July 1838, as is plainly 
shown bv his own name and date for that year, together with the 
initials of his companions, boldly and artistically cut on the 
quartzyte, at the top of the ledge, near the "Leaping Rock," and a, 
little north of where the creek passes over the brow of the escarp- 
ment. His " Report, intended to illustrate a Map of the Hydro- 
graphical Basin of the Upper Mississippi river," is " Document 237," 
of the second session of the 26th Congress, ordered printed Feb,, 
1841. He gives no opinion of the age of the rock, but quotes Dr. 
Jackson's analysis of the pipestone, or Catlinite, as it was named by 
Jackson. " As a mineralogical species it may be described as fol- 
lows : compact ; structure slaty ; receiving a dull polish ; having a 
red streak ; color blood red, with dots of a fainter shade of the same 
color ; fracture rough : sectile ; feel somewhat greasy ; hardness 
- not yielding to the nail ; not scratched by selenite, but easily by 
calcreous spar ; specific gravity 2.90. The acids have no action 
upon it ; before the blowpipe it is infusible per se, but with borax 
gives a green glass," While Prof. Jackson assimilates it to agal- 
matalite (pinite of Dana) Nicollet regarded it as differing very ma- 
terially from it in general aspect, its conduct before the blowpipe, 
and its total insolubility in sulphuric acid. 

Prof. James Hall, next in chronological order, read a paper before 
the American Philosophical Society in June, 1866, in which, among 
notes on the geology of some of the western portions of Minnesota, 
he classes the red quartzite as Huronian. He imagines the Coteau 
des Prairies caused by a vast synclinal in the rocks of this age. He 
did not see the pipestone quarry itself, having only gone to Lake 
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Shetek, where he describes a wall of rock which he thinks the same 
in age. His examinations were made in 1S65. His is the first 
attempt to fix the age of this rock. 

Dr. F. V. Hayden visited and examined the locality in October, 
lg66,. and his account is in the American Journal of Science and 
Arts for January, 1867. After examining rock of the same kind on 
the James and Vermilion rivers, in Dakota, and at Sioux Palls, on 
the Big Sioux river, he gives an interesting detailed description of 
the quarry, and inclines to the opinion that the quartzyte is supra- 
carboniferous, Triassic perhaps, or an extension downward of Cre- 
taceous No. 1. 

Dr. C. A. White has given a description of a " Trip to the Great 
Bed PipeBtone Quarry ," in the American Naturalist for 1868-9, but 
he does not there state anything concerning the age of these rocks, 
though elsewhere, he has ranked them as pre-Silurian, and named 
the formation the " Sioux Quartzyte." (Geology of Iowa, 1870). . 

The reader is further referred to the first and second Annual Re- 
ports for reasons for believing this formation to be the equivalent 
of the Potsdam sandstone of New York. 

The known area of this rock in Rock and Pipestone counties is 
approximately marked out on the accompanying map, but there is 
much probability of its being much greater, and perhaps 'to include 
the greater portion of both counties. The Cretaceous formation, 
no doubt, also occurs in the northern part of Pipestone county, and 
overlies unconformably the quartzyte in other places, but it has not 
been seen. Dr. Hayden has mentioned such facts in his account of 
the geology "of southwestern Dakota, occurring at or near the 
mouth of Piresteel creek, on the James river. 

At the Red Pipestone quarry there is a ledge of rock which runs 
north and south nearly three miles. This ledge of rock consists of 
layers of red quartzyte that have a dip of fifteen or twenty degrees 
toward the east, so that the rock soon disappears under the prairie 
in that direction, but presents a nearly perpendicular escarpment 
toward the west, formed by the broken off heavy layers of the rock ; 
though its greatest hight, which ia not more than 25 feet, is a little 
north of the present pipestone quarry. It also gradually disappears 
under the prairie both toward the north and toward the south, the 
lower ground on the west of the escarpment slowly rising, in those 
directions like the sides of a basin, and coalescing with that on the 
east of the ledge. A small stream, dry some parts of the year, 
known as Pipestone creek works northwestwardly and passes over 
the ledge from the upper prairie to the lower with a perpendicular 
fall of about 18 feet. In the vicinity of this fall, and also at one or 
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two places further south, are dwarfed bur-oaks and shrubs, but the 
country in all directions for many miles is a prairie which lias a 
great monotony of surface. It is not on the top of the Coteau de 
Prairie, as supposed by Catlin, that range of hills being 25 or 30 
miles further northeast. Mr. Catlin seems to have correctly de- 
scribed the eastern ascent of the Coteau as rising with almost im- 
perceptible swells above the prairies further east, but failed to ob- 
serve when he passed down the western slopes, that the real Coteau 
dies out still more insensibly into the prairies on the western side. 
The Coteau passes nearly through the middle of Lyon county, the 
northeastern quarter of Murray, the southwestern part of Cotton- 
wood, and leaves the state along the western side of the DesHoines 
river, in Jackson county, gradually becoming less noticeable. It 
is characterize d'by numerous lakes and gravelly drift hills. It is a 
vast glacial moraine, comparable to the ridges in northwestern Ohio, 
and the " Kettle Range " in Wisconsin, but is the most remarkable, 
as it is the most extended, glacial moraine known in the United 
States if not in the entire world. It runs along the east and north 
side of the Missouri river till it passes out of the United States into 
British Ameriea. 

The Utile stream which crosses the rock at the pipestone quarry 
widens out into a lake just before passing the ledge, making Pipe- 
stone lake, and again after passing it, it forms Crooked, Duck and 
Whitehead lakes in the same way. In these lakes water stands 
constantly. 

The rock itself in general is exceedingly hard, in heavy layers of 
one foot, or of two or three feet, and is separated by jointage planes 
into huge blocks of angular shapes that lie often somewhat displaced 
or even thrown over entirely by the action of the frost through 
many winters. Thus, there is a rough talus along the foot of the 
escarpment where grow a few bushes and small oaks, protected from 
the prairie fires by surrounding masses of fallen quartzyte. The 
rock is sometimes pinkish and massive ; when blood-red it is more 
apt to be thin-bedded. 

The real " pipestone quarry " is situated about a quarter of a mile 
west of this ledge and in the low land of the lower prairie. Earlier 
diggings seem to have been opened in the superficial outcroping of 
the pipestone layer, and to have followed along its strike north and 
south nearly a mile, without penetrating very deeply into the rock. 
The layer which furnishes the pipestone is about 18 inches thick, 
and is embraced between heavy layers of the same rock as the ledge 
already described, and they all dip together toward the east, and of 
course run under the main escarpment. The present quarrying is 
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a little east of the line of old diggings, but follows along the strike 
of the formation the same as the other, the only difference being in 
having greater depth (the pipestone layer is about 6 feet under the 
ground here) and in the difficulties encountered in removing about 
five feet of very firm, pinkish quartzyte in heavy beds. 

The Catlinite itself is a fine clay varying incolor from blood-red to 
pale red, or pinkish, or even to a pale yellowish red. The lighter 
colors fade into the darker, hut sometimes the light appears hi the 
red as round spots, on a polished surface, but the red is not thus 
distributed through the lighter shades. It has, of course, suffered 
all the metamorphic influences that the quartzyte itself has, but it 
has not lost its distinctly bedded structure, which may be seen when 
examined microscopically in polished thin sections. Indeed it seems 
to have a lamiuated^structure ; and the different shades of color 
appear sometimes to be due to openings and fissures produced in the 
red clay and becoming filled with sediment of a lighter color. It seems 
to be made up of little grains of quartz having an abundant cement 
of red ferric oxide, the alumina present (as indicated by chemical 
analyses) being mixed rather with the latter than combined with 
the former. 

Prof. Peckham, who has analyzed for the" survey samples of the 
red and of the pale red pipestone, makes the following report : 

Prof. X. H. Wxnchell : 

My Dkab Sib — I have the pleasure to report the following analyses of serial 
numbers 52 and 63 : 

No. 52— Pale Catlinite. 

Silicic oxide SiOj 58. 25 per cent. 

Aluminum oxide AlsOj 35-90 " 

Water H,0 6.48 " 

Total 100.6'J 

The aluminum oxide is a trifle too high and contained a trace of iron {FesOj.) 
This specimen did not contain an appreciable amount of either lime or magnesia. 

No. 53— Bed Catlinite. 

Silicic oxide SiOa 57. 43 percent. 

Aluminum oxide AlaOj 25.94 

Perricoiide .....FeiOj 8.70 " 

Water HiO 7.44 

Total : 99.51 
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This specimen contained in addition a trace of both lime and magnesia. 

A comparison of these results with those given in Dana's Mineralogy, ed. 1870 
confirms the statement there made that Cat-Unite is a rock and not a mineral. 
The substance appears to be an indurated or partially metamorphosed clay con- 
taining a variable amount of ferric oxide and water. 

An analysis by the late Dr. Jackson, of Boston, {Am. Jour. Sci., 1. sxxv., 888) 
gives the following in 100 grains : 

Water '■■ 8.40 

Silica. 48.20 

Alumina . ; 28.20 

Magnesia - 6.O0 

Per-ox. iron _. 5 . 00 

Ox. Manganese ..; • 60 

Carb. hme 2 . 60 

Loss (probably magnesia) « 1.00 

Total 100.00 

These results indicate a considerable amount of earthy carbonates and when 
compared with those given above show that the rock is quite variable in com- 
position. Neither of the specimens analyzed by myself whs of the spotted or 
mottled variety, which may account for the presence of the earthy carbonates in 
the analysis by Dr. Jackson. 

The red variety was found to be much more difficult to decompose by fusion 
with alkaline carbonates than the average silicates. It was found necessary not 
only to reduce it to an impalpable powder but to prolong the fusion to from eight 
to ten hours to insure complete decomposition. 

Respectfully submitted, 

S. F. PECKHAM, 

Minneapolis, Minn., May 20, 1878. Staie Chemist, 

Southward from the region of the Pipestone quarry the land 
continues high, and in some instances there are ridges, or long 
knolls, of drift, that are broad and evenly rounded over by a thin 
loam. The firstexposure of the rock, in the vicinity of the road to 
Lu Verne, is on Sec. 13, T. 105, R. 46, along the south side of the 
valley that crosses westwardly near the centre of the section. It 
extends about a mile east and west. It here is seen to form an un- 
dulating floor on which the loam is thinly spread. It is hard, mas- 
sive, pinkish-colored and superficially vitrified, in some places also 
showing two directions of glacial stria?, one being by compass 
nearly N. and S. and the other S. 52 deg. E. 

The same line of rocky ontcrop extends westwardly to the Split- 
rock creek, and along that creek and its eastern tributaries as far as it 
continues in the State. It seems to have a changeable dip, but no- 
where presents perpendicular blufife. 
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Two and a half miles further south on N. E. i Sec. 36, is another 
exposure of the same rock, along a similar shallow ravine making 
westward — and again about half a mile further south on the high 
prairie. 

At a point about ten miles north of Lu Verne this rock becomes 
frequently exposed both in the valleys and on the hills and contin- 
ues so to the Mound, near Lu Verne, when it suddenly breaks off 
along the west side of Rock river, and is not known to the south of 
that place. Throughout this distance it forms a high plateau three 
or four miles wide and about a hundred feet higher than the prairies 
east or west, but the surface, though frequently rocky, is not rough. 
It is undulating ; and the plateau sinks gradually down tothe level 
of the rest of the country on either side. This plateau terminates 
abruptly in a rocky and precipitous bluff facing southeastward, 
three miles north of Lu Verne in what is known as "The Mound." 
There is a very large rocky outcrop in Sees. 4, 5, 6, 7 and 8, T. 103 
N-, R. 45 W. There are less frequent exposures in Gregory town- 
ship, and the town next west. The Splitrock creek which crosses 
the northwest corner of Rock county has frequent exposures both 
in Rock and' Pipestone ; but in Pipestone the rock range veers 
toward the east, into the centre of T. 104. R. 46 W., and disappears 
till reaching the region of the Pipestone quarry. In the N. W. 
part of Mound township the rock dips N. W. with a thrown, or 
twist, which, by slightly changing it, brings it soon below the sur- 
face. Indeed there seems to be a succession of ridges or swells, 
with changeable dip, though the most observable is to the north- 
west, about 10 degrees. These ridges are not covered with gravel 
or sand like similar ridges already mentioned east of the Ooteau, 
under the operation of glacial forces, (ice and water) but while they 
occupy the grand divide of the county, they are nearly bare, on 
their tops and along their slopes, or are thinly covered with a grav- 
elly loess loam, while the drift, even the stony clay that has been 
largely attributed to ice, occupies the valleys between to the thick- 
ness of at least 30 or 40 feet. On the top of some of these ridges, 
apparently near the top of this formation, the rock is conglomeritic. 
This occurs in large superficial areas, planed and smoothed down 
(rarely glaciated) and the colors of the pebbles, usually not larger 
than beans, give these spots a blotched and variegated mottling. 
The pebbles are mainly white, but some are jasper-red and some 
purple. 

All over these ridges, which vary from a quarter of a mile to three 
or four miles in length, and are for the most part thinly covered 
with soil and turf, there are little nests of large blocks of quarzyte 
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piled so together that they seem to have been thrust up from below 
by some force. The edges of these blocks are squarely broken off, 
and slope toward each other,,*, e., toward the centre of the pile, 
while the blocks themselves lie so that their upper surfaces slope in 
all directions away from the center. Similar upheaved spots 
occur on the red quartzyte outcrop near New Ulm, and were de- 
scribed in the report for 1873. They were then attributed hypo- 
thetically fco recent igneous forces. These upheaved spots vary 
from five to fifteen feet in diameter, or perhaps more. They may 
have been caused by ice, i. e., alternate freezing and thawing with 
the change of seasons, aided by the force of vegetation and a little 
soil gradually getting into the openings. 

At "The Mound," where this high land terminates abruptly, 
and faces the valley of Rock river, the elevation is about 175 
feet above the river. The perpendicular bluff of rock is from 
40 to 60 feet in its highest part ; but owing to a dip of about 
20 degrees from the horizon, nearly west, or partly northwest, 
and to the breaking off of the upper layers causing a gradual 
slope from the brow of the hill backward through several rods, 
the actual thickness of beds visible may be 150 feet. The rock 
here also appears to be almost entirely a reddish or pink, heavy- 
bedded, quartzyte. If wrought there might be some softer and 
thinner layers discovered in the angles of the talus, but the re- 
fractory nature of the great mass of it will cause it to be used but 
sparsely for building. The main bluff curves westwardly at both 
ends, and by reason of the dip and ravines that enter the valley 
from the west, its exposed layers gradually disappear under the soil 
in that direction, and the rock is lost in the prairie. 

Near the base of the bluff of perpendicular rock, on a slope 
which descends to the river, once probably covered by the water of 
the river, on some of the lowest beds, the rock has the general 
shape of glaciation, but there are no striae, the surface showing 
rather the action of water. On the top of the bluff are glacial 
stria? running S. 20 deg. W. by compass. Ten miles northwest of 
Lu Verne such marks run N. and S. 

The Drift. 

The most important fact in connection with the drift of these 
counties is a gradual transition, from north to south, from drift clay, 
with stones and boulders to loam clay that has all the characters of 
the well-known loess-loam of the Missouri valley. The northern 
part of Pipestone county lies not far from the Coteau du Prairie, 
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which is a vast glacial noraine of drift materials, and is even affected 
somewhat in its contour by the westward decline of the Coteau to the 
prairie level. It is as characteristically a hardpan clay — the main 
mass of the drift, in this part of Pipestone county — as in any part 
of Minnesota. In traveling southward there is a gradual superficial 
change in all its characters. This change pervades at first but a 
small thickness of the deposit but by degrees involves the drift to 
the depth of 20 feet. At first there is a diminution in the number 
of visible boulders ; then a smoothness in the creek bluffs ; then a 
gravelly clay on the surface, fine and close ; then a closeness in the 
prairie soil ; then, in digging, wells a few limy concretions are seen 
mingled with small gravelstones, and at last a fine, crumbling loam 
clay that cannot be distinguished from the loess loam, which extends 
to Sioux City in Iowa, and there is known as the loess-loam of the 
Missouri valley and has a thickness of several hundred feet. Wells 
dug in the southwestern part of Rock county demonstrate also a 
simiiar perpendicular transition from loam to drift clay, the former 
being true loes3-loam and the latter true hardpan, or boulder clay. 
This appears like rank heterodoxy, but it is not a matter of opinion 
nor theory. It is the result of actual observation. The writer was 
as much surprised to find it as others will be to read it, and it 
appears almost inexplicable. The writer had abundant and favor- 
able opportunity for observing this change in the grades and cuts 
of the new railroad from Lu Verne to the State line, and verified it 
in wells dug, and being dug, in that part of the county. In some 
places the loam passes below into a quicksand. 

Wa have here then a series of changes by which, between the 
Coteau and Sioux City the loess-loam is produced from the drift 
hardpan, by the slow withdrawal of the stones and gravel, and the 
gradual predominance of water-action over ice-action, the Coteau 
being the limit of unmodified ice-action involving the whole drift 
sheet. It is not impossible that ice, in a broad sheet, underlay the 
surface, embracing the now underlying hardpan, while superficial 
waters disturbed and modified the surface of the drift for some dis- 
tance south of the Coteau. Thus it seems that, by the agency of 
water very largely, a considerable tract of country was covered by drift 
which differs at first but slightly from the true hardpan, but at 
points more removed from the field of glacial action, becomes more 
and more clearly a water-deposit. This change could be observed 
only in a broad, level tract like southwestern Minnesota. This 
southward conversion of the stony and gravelly clay into the loess- 
loam must have been the result of copious drainage and wash from 
the northern drift, but a wash that seems to have been so gradual. 
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and yet so profound in its effect, as to have embraced at once a great 
thickness of the drift materials, causing them to flow more like a. 
pasty mul at first, than water, but finally becoming simply a muddy 
■water. This process is perhaps what covered the extensive buried 
.sells and vegetable remains in Fillmore and Mower counties, beyond 
.the limits of the last ice-period, without wholly disrupting them, 
iand perhaps will account for the same phenomenon in Ohio and 
Illinois. It seems evident that the vast moraines of the northwest, 
where, in similar topography, the changes witnessed in the drift 
must be due to changed climatic conditions, mark great epochs in 
the.history of the ice-age. There are two such that cross Minnesota, 
tthe older being the Coteau, and the younger the Leaf Hills. Cor- 
responding to the latter the Kettle Range in Wisconsin seems a 
jiarallel phenomenon. [See also the report on Ramsey county.] 

There is evidence of glacier-action, or what has been recognized 
as evidence of glacier-action, in Rock county south of the Coteau. 
The quartzyte is polished, striated, and sculptured superficially on 
the tops of the ridges in the central part of the county as only 
glacier-ice is known to do. At the Pipestone quarry, (near iL The 
Three Maidens ") such marks run 22 deg. W. of 3. by compass. On 
Tthe strike of the ledge at the same place they ran S. 10 deg, E. 
Tarying to 20 deg. W. of S. On Sec. 13, T. 105, R. 46 W. they run 
.in two directions, one direction being nearly N. and S. and the 
-other S. 52 deg. E. within the valley of a little stream. On the 
rock near the top of the southern side of this valley, which is a 
slight, shallow depression, glacial marks runs S. 22 deg, W. This 
is but a few rods from the last observation above. At another point, 
about ten miles north of Lu Verne, glacial marks were observed 
running nearly N. and S. On the rock at '" The Mound " they run 
S. 20 deg. W. by compass. It seems almost impossible that in so 
level and open a country, and on the same rocks, without apparent 
■cause, the glacier which must have been hundreds of miles wide, if 
it existed here at alt, could have taken so diverse directions in so 
short distances. It cannot be doubted, however, that this marking 
was done by a force that exerted a great pressure at the same time 
that the marks were made. This pressure is evinced not only in 
the marking itself, which is on the hardest formation found in the 
State, but in the innumerable checks and flaws that cover the surface 
where this rasping has taken place, and yet leave it in the main a 
smoothed and rounded or sfossed surface. These checks run curvingly 
downward at varying angles with the surface, and to all depths less 
than an inch, but usually less than one-sixteenth of an inch, aud 
indicate perhaps an incipient crushing to the depth of at least an 
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inch. They show in what manner the rasping reduced the original 
projecting knobs. Where the natural seams or planes of jointage 
cross ihe rock, these little checks are larger, causing the quartzyte to 
chip off sooner and deeper with a curving and choncoidal fracture. 
This prevailing direction is transverse to the crushing force, so that 
the rock, along some grooves, has a short conchoidally laminated 
structure transverse to the grooves, penetrating it to the depth of a 
quarter to half an inch, exhibited now in a series of little curving 
furrows where the laminae broke off successively, the concavities of 
the laminse being toward the north. 



x 



Striated red quartzyte in Rook county, 

This marking is represented in Fig. 10, but the figure does not 
show a great many fine checks with which the surface of the rock 
is nearly covered, but it shows correctly the prevailing direction of 
the curvature, and its relation to the moving force. This manner 
of glaciated marking is visible on Sec. 13, T. 105, R. 46, and also on 
"The Mound," near Lu Verne. It can be compared to a cross- 
grained planed board, where the plane has been driven against the 
grain, except that the cut edges are curved so as to present their 
concavity toward the cutting or planing force. 

It has already been mentioned that there are but few boulders in 
Rock county. They are generally confined to the creek bluffs and 
valleys. Even on the plateau caused by the red quartzyte running 
from near Ln Verne northwestward they are uot seen, or are so rare as 
to be noteworthy. This is an anomaly. In ice-covered regions, i. e. 
in regions known to have been last passed over by the ice of the 
drift epoch, there would be no place where foreign boulders would 
be found more thickly than on such rocky elevations. 

In traveling over the plateau of quartzyte, about on Sec. 16, 
Mound, one large solitary granite boulder may be met with. It 
lies directly on the quartzyte. It is rough and granulated, and there 
is a circular excavation or concavity in the soil in which it lies. It 
is about ten feet long and five feet high, and has a groove horizon- 
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tally circumscribing it about a foot in width and three or four 
inches deep. Taken altogether it immediately reminds the be- 
holder, not less by its general shape than by this groove, of the 
stone hammers sometimes found. Its size precludes its being one, 
but its shape is very like them. The groove may have been formed 
by the action of ice and water on its sides, as it has the appearance 
of lying in ordinary seasons in a little lake of water, which at the 
time of this examination was entirely dried up. Tnis boulder, like 
the "Three Maidens," at the Pipastone quarry, mast be referred to 
the date of the boulder clay, and in that case it was not disturbed 
by, but probably witnessed, the spreading the loam which came 
later. 

The "Three Maidens," and the three others, (smaller) that make up 
the cluster of six granite boulders lying just outside the Indian Reser- 
vation at the Pipestone quarry, also rest on the surface of the red 
quartzyte about 60 rods southeast of the quarry and at the foot of 
the long ledge or escarpment that passes north and south. They 
evidently once constituted one immense boulder and have become 
six from the falling apart, under the influence of frost, of the gran- 
ite along its natural seams or joints. Such a separation of large 
boulders is sometimes seen on the prairies in Minnesota under cir- 
cumstances which demonstrate their former entirety. 

On the surface of the glaciated quartzyte about these boulders, 
which is kept clean by the rebound of the winds, are a great many 
hieroglyphic inscriptions, which were made by pecking out the 
rock with some sharp-pointed instrument. They are of different 
sizes and dates, the latter being evinced by their manner of crossing ' 
and interfering, also by a difference in the weight of the instrument 
used. They generally represent some animal, such as the turtle, 
wolf, bear, badger, buffalo, elk, and the human form. The "crane's- 
foot" is the most common. They are very similar to those repre- 
sented on Plates XI and XII of Vol. II, of the "Bulletins of the 
U. S. Geol, and Geog. Sur. of the Territories," accompanying the 
article of W. H. Holmes on Ancient Ruins in Southwest Colorado. 
The Indians regard the "Three Maidens," represented by the three 
larger boulders, as the maids from whom the tribes sprung after 
the destructive anger of the Manitou had slain the people. It 
would seem as if any warrior or hunter who had been fortunate in 
the chase and happened to pass here, left his tribute of thanks to 
the Great Spirit in a rude representation of his* game, and perhaps 
a figure of himself, on the rocks about these boulders. In some 
cases there is a connection of several figures by a continuous line, 
chipped in the surface of the rock in the same manner, as if some 
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legend or adventure were narrated, but for the most part the fig- 
ures are isolated. This is the "sacred ground" of the locality. 
There are hieroglyphics at no other place around here, though 
there ia abundance of bare rock. 

Common Wells in Bock County. 

The water of wells in the loam, or in the drift-clay, is very hard. 
This is caused by a large amount of limestone gravel disseminated 
through all the materials of the drift, derived from the limestones 
of Winnipeg. There is occasionally a water which has a distinctly 
alkaline character, but this is not common. Nearly all the wells of 
the county are curbed with pine boards, and from that fact great 
numbers of them are contaminated with the organic decay known 
to result from that practice, and a number were examined that 
were very foul from that cause. Several recent cases of typhoid 
fever at Lu Verne are directly referable to that cause, and no doubt, 
if the facts could be known, many others in the country could be 
accounted for in the same way. The curbing of wells in the prairie 
regions with pine boards or planks is very common, owing to the 
lack of convenient stone, and the ease of constructing such curbs of 
wood ; hut it is a practice which all well-diggers should loudly and 
persistently protest against, and which all the owners of wells should 
discontinue, as it is a fruitful source of foul water, causing intestinal 
diseases and typhoid fevers. The adjoined table shows the depth 
and character of some of the wells of the county. 
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Material Resources. 

These counties contain some of the best fanning lands in the 
state. They are not broken by rock exposure (except through the 
central part of Rock county), so that nearly all their area is tillable. 
The rocks that underlie them are not known to hold anything of 
great economical Aalue. They will serve as a building material, but 
are rather hard even for that, and it may be found more economical 
to bring in by railroad the building stones of the eastern counties. 
The main material product of these counties is now, and will always 
remain, wheat, of which they will produce as much to the acre as 
any county in the State. 
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■VII. 
PALAEONTOLOGY. 



Notes on the Fossils of the Trenton in Minnesota. 

During the month of July, 1877, some time was given to the ex- 
amination and arrangement of some of the fossils of the Trenton in 
the collections of the surrey, continuing thus the work begun the 
season before. As but little time could be had for this part of the 
work of the survey, the results are meager. The fossils represented 
by the following list are additions to those named in the report of 
last year. It was found that a greater range of authorities for 
reference was necessary for the reliable identification of our speci- 
mens, and measures have been taken for procuring many foreign 
and American works, containing descriptions of the fossils of this 
horizon. 

By reference to the Museum Report accompanying this, the cor- 
responding numbers of the Register will be seen, and other particulars 
of each species ascertained. 

No. 90. Asaphus exlans, H, ? (Compare No. 399). This specimen has been 
in the museum a number of years, and its origin is unknown; but its similarity 
to specimens obtained of Mr. W. D. Hurlbut, from Trenton Falls, N. T., renders 
its source less doubtful. It is probably from the Trenton formation in Minnesota. 
It has a tubereulated surface instead of a l&melloae one, as A. extans is described 
by Hall. 

■ No. 172. This block contains fragments of the crinoid of Hall, Schizocrinus 
nodosw, with an unidentifiable species of Murckisonia, arid fragments of a 
trilobite. Locality, Pleasant Grove, Olmsted county. 

No. 185. Slabs containing Strophomena, Orthls, Chwtetes, et at. Fillmore 
county. 

No. 186. Orlhis perveta Con. These are considerably larger than the type 
specimens. They are from Taylor's quarry near Fountain. Fillmore county. 

No. 189. Fragments of Asaphus gigos, H. From Fillmore county. 

No. 191. Slab with Lepttena sericca , Sou: Orthig emacerata, H. Strophomena 
fllitexta, H. and Strophomena, miens. Bill.; from Fillmore county. 
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No. 192. PoterioerinUes caducena, H. Orthis testudinaria, Dal. m Rhyncho- 
nella capax. Con. are also from Fillmore county. • 

No. 197. This is provisionally named Othoceras laqueatum, H. but the agree- 
ment is not satisfactory. Locality, Spring Valley, Fillmore county. (Compare 
No. 214.) 

No. 208. Strophomenatenuistriata.(?) Compare Nos.204and371. Locality, 
Sec. 17, Rochester, Olmsted county. 

No. 214. This slab showB Leptmna sericea. Sow. Murchisonia bicincta, H, 
Orthoceras lagveatum, H. Bellerophon bilobatus, Sow. Strophontena, nitens, 
Bill, and Rhynchonella capax. Con. Locality, Spring Valley, Fillmore county. 

No. 242. Cyrtoceras arcuatum, H. has been obtained from Holden, Goodhue 
county. 
d - No. 243. OncoceraB constridum, II. is from the same locality. 

No. 252. Orthoceras vertebrate, H. is from the aame locality. 

No. 269. Orthis subquadrata, H. has been identified from Sec. 30, Forest' 
ville, Fillmore county. 

No. 293. Strophomena ftuctuosa, Bill, is found in the upper layers of Will- 
son's quarry at Mantorvilie, Dodge county, which is in the Galena,. 

No. 294. Graptolithus tcahtrit, Linne is found in the same layers. 

No. 297. Discina Pelopea, Bill, is found in the same layers. Compare No. 263. 

No. 307. Chatietes petropolitanus, Pan. ? is found on Sec. 21, Foreatrille. 

At Minneapolis have been identified different forms of Rhynchonella capax.Con. 
and of Orthis perveta. Con. The following have also been found at Minneapolis: 
Orthis emaeerata, H. Var. mulHsecta, James. Chwtetes Lycoperdon, H. Murch- 
isonia bicincta, H. Plearotomaria subconica, H. Schizocrinus nodoeus, H. Cyr- 
tolites compreseus, Con. and Bellerophon bilobatus, Sow. 

No. 348. Gyrtolites compressus. Con. occurs on Sec. 16, Pleasant Grove, also 
Orthoceras strigatutn, H. (Nos. 350 and 381.) 

From Pleasant Grove, OlmBted county, also comes Oncoceras constriction, H. 
(No. 352). 

No. 376. Asaphus gigas, H. — from St. Charles, Winona county. 

No. 397. Orthoceras vertebrate. H. — from St. Charles, Winona county. 

No. 392. Orthis bella-rugosa, Con. — from St. Charles, Winona county. 

No. 399. Asaphus extans, H. (?) (Compare No. 90). This specimen was 
obtained of W. D. Hurlbut, and is from Trenton Falls, N. T. It differs from 
Prof. Hall's description of A. extans in having a surface rather pustulated than 
lamellose. 

No. 410. Asaphus gigas, H. and Strophomena filitexta, H. — from St. Charles, 
Winona county. 
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REPORT ON THE GEOLOGY OF RICE COUNTY. 



BT L. B. SPEBBY. 



Situation and Area. 



The northern border of Bice county is about 35 miles south of 
St. Paul, and its eastern border is about the same distance west of 
Lake Pepin. It is bounded on the north by portions of Dakota and 
Scott counties ; on the east by Goodhue county J on the south by 
portions of Steele and Waseca counties, and on the west by Le Sueur 
county. It is four Government townships, or 24 miles, in width 
east and west. The western portion of the county is of the same 
length — 24 miles north and south — but the eastern two tiers of 
townships are shorter by 5 miles. 

The county contains 14 townships, each of them, except two. 
containing 36 square miles. Of these two exceptions, one, Bridge- 
water, contains 40 square miles, and the other, Northfield, 44 square 
miles. 

Its area then is 330,240 acres, of which nearly one-half is timber 
land interspersed with many lakes. 

There is but very little land in the county unfit for tillage. 

That portion east of the Straight and Cannon rivers is the finest 
of prairie land, while most of that west of these rivers is, or was 
originally, covered with valuable timber, which, on being removed, 
leaves a strong and fertile soil. 

Fairbault is the couuty seat. Northfield, Morristown, Dundaa 
and Shieldsville are the principal towns. * 
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Natural Drainage. 

The drainage of the county is to the north and east. Straight 
river enters the county 2£ miles east of the middle of the southern 
border, and, flowing northward about 8 miles, forms a junction, 
(where the city of Fairbault now stands) with the Cannon river, 
which enters the county about 2 miles north of its southeast corner. 
From the junction of the Straight and Cannon riverB — taking the 
latter name — the waters flow northward and leave the county 4 
miles east of the meridian line upon which the Straight river en- 
ters its borders. The western half of the county contains about a 
score of shallow but pretty lakes, which receive the surface waters 
of their localities, and empty for the most part by very circui- 
tous routes into the Cannon. The Straight and Cannon also re- 
ceive the drainage from the eastern portions of the townships 
through which they flow ; while the eastern tier of townships, for 
the most part, shed their waters through small streams into the 
Little Cannon and Zumbro rivers in Goodhue county. The Straight 
river enters the county in the Lower Trenton formation, and cuts 
through into the St. Peter sandstone 3 miles north of the county 
line, near Walcott's mill. 

A short distance from Walcott's the river makes an extensive 
bend toward the south, and on reaching Faribault has cut 80 feet 
into the sandstone. 

At a point near the line separating Bridgewaterand Cannon City 
townships the river has cut through the St. Peter sandstone and 
begins its flow over the Shakopee limestone, into which it has cut 
about 30 feet when it leaves the northern boundary of the county. 

This descent of about 150 feet in crossing the county furnishes at 
least eleven available mill privileges which have been improved and 
are in operation. 

The following tabular exhibit shows the most important and in- 
teresting facts relative to these : 
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Water Power Mills in Rice County. 



Name of Mill. 


o™. 


Location. 


Stream, 


1 


3 


1 




...;:.■ \ Sheffield .. 
J l>. Greene & Co, ... 
■ 11 V.-.-:.- . 


-1 f\h\U-.:i: 
Faribault . . . 
Faribault .. ... 
Faribault ..... 
Faribault 


Biiaiunt R 

sr.alKi-i 
C.i-.i: in 

;«.••. .11 

I'aunon. 


B 

LB 
10 


i 
i 




Straight Klver Mills 


too 

60 

N 

so 

1W 
50 

' 1 ■ mil. 














in. ■ 11 i.berds 












Cannon Clly .... . 


Se'r Cannon City 


I'll.lloU 

I'arr iri. 


ioo 


E. T. Archibald* Co. 


Norttinelci Mill* ... 


sJSSSid 


J00 



Surface Features and Soil. 

The eastern portion of the county is, for the most part, a high 
and gently rolling prairie of great beauty and fertility. 

Skirting the small streams there- is a little timber, and along the 
east bank of the Straight river — and also of the Cannon, from its 
junction with the Straight northerly to Dundas — there is a belt of 
timber averaging about 3 miles wide. The soil bearing this belt 
of timber is sandy with gravel subsoil, and is of comparatively little 
value for agricultural purposes. 

The surface of the southwest part of the county lies above the 
Trentcn formation and is gently undulating. 

The surface of the northeast part is more broken because the 
Trenton is largely carried away and the St. Peter sandstone is eroded 
to quite variable depths. 

The western portion of the county also is quite undulating — 
sometimes rough and hilly — and over the greater part is covered 
with heavy timber, interspersed with many beautiful but shallow 
lakes. 

The surface soil is usually a dark loam, but is generally very thin. 
A strong and productive yellow clay overlying thick deposits of 
blue clay — which is frequently exposed — characterize the soil of this 
region. Maple, Elm and Basswood characterize the timber. 

There are about twenty beautiful lakes in the western half of the 
county, ranging from one to ten square miles in area, and varying 
from ten to fifty feet in depth. These lakes abound in fish and'are 
much frequented by sportsmen. 
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The southwestern part of the county, being lower and more sandy, 
furnishes better beaches for its lakes than are found further north 
where clay deposits overlie and conceal the sand. 

I am under obligation to Surveyor Jewett, of Fairbault, through 
whose kindness I secured the following: 



SURVEYOR'S NOTES OF RICE COUNTY. 
Township 109, Range 19. — Richland. 

Boiling prairie. Soil a black lcam with clay subsoil. The north branch of the 
Zumbro river flows easterly through the northern part, taking the surface water 
of nearly the whole town. 

Toumship 110, Range 19. — Wheeling. 

Surface rolling, becoming bluffy along the creek. The east branch of Prairie 
creek heads near the center of the town, where there is a body of about one section 
of timber. This creek flows northeasterly, and forms a valley from one-eighth to 
one-fourth of a mile wide, about fifty feet below the general level of the prairie. 
From the bluffs along this valley in the north part of the town limestone crops 
out with sandstone below. 

Town 111, Range 19. — Noethfeeld. 

Surface mostly a high rolling prairie sloping toward Prairie creek, which runs 
northeasterly through the township; a part of the town is drained northwesterly 
toward Cannon river. Soil a rich black loam; clay subsoil; limestone in bluffs 
along the creek; sandstone below. 

Town 109, Range 20. — Walcott. 

Surface rolling to hilly; slopes toward Straight river, which runs northerly 
through nearly the center of the town ; a body of timber three to four miles wide 
lies on the east side of the river. Limestone appears in the bed of the river as 
far north as Sec. 4. North of this point it appears in the bluffs from 20 to 50 
feet above the river. Soil in the river valley light and sandy with gravel subsoil; 
rest of town black loam over clay. 

Town 110, Range 20. — Cannon Cut and Fabibaclt. 

Surface quite rolling; bluffy along the east side of river. The Straight river 
forms junction with the Cannon river in Section 30, from which point the Cannon 
river runs northeasterly to the centre of the north boundary. The two esstern 
sections are prairie; the remainder of the town is timber land: soil a rich loam 
with clay subsoil. Limestone crops out of river bluffs with sandstone below; a 
small lake in Sec. 15, containing' 45 acres. 
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Toum 111, Range 20.— Bkiiigewater. 

Land rolling; becomes bluffy along the river as far north a* Section 10. Can- 
non river flows northeasterly through the eastern part of the town. About six 
sections on east side of town are prairie; rest of town timber land; soil black loam 
w ith clay subsoil, excepting on river bottoms, where the soil is light and sandy- 
over a gravelly subsoil; limestone in the bluffs along the river south of Section 10. 
In Section lit appears in the bed of river. 

Toum 109, Range 21— Warsaw. 

Surface rolling; drains toward the north; Cannon lake, with an area of 1475.28 
acres, lies in the northwestern part of the township; four sections of land north- 
west of lake are timber land; rest of town is prairie and brush land; soil black 
loam over clay subsoil. 

Toum 110, Range 21— Wells. 

All timber land excepting Sections 35 and 36; surface rolling; soil black loam 
with clay below; area of meandered lakes 2114.44 acres; drains toward the south. 

Rown 111, Range 21. — Fohbst. 

All timber land; surface rolling; draining eastward; soil black loam, clay sub- 
soil; area of lakes, 1694.41 acres. 

Town 112, Range 21.— Webster. 

Timber and brush land; surface rolling : drains to the south and east; soil 
light-colored loam over clay. Area of meandered lakes, 203.81 acres. 

Town 109, Range 22. — Morristown. 

Nine sections in southeast part prairie land; remainder of town timber. Can- 
non riverflows easterly through the center of township; surface rolling, slopes 
towards the river; soil a rich black loam with clay subsoil. Area of meandered 
waters, 935.70 acres. 

Town 110, Range 22. — Shirldsville. 

Surface rolling:, becoming hilly in some parts of the town; soil black loam over 
clay. Area of lakes, 2574.23 acres. The Cannon river heads in Tuft's lake, in 



Town 111, Range 22— Erin. 

Surface rolling to hilly, timber and brush lands; soil rich loam o 
of lakes, 856.32 acres. 

Toum 112, Range 22. — Wheatland. 
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Timber. 

As before stated the eastern portion of the county originally pro- 
duced timber only along the streams. Through cultivation for 
shade, hedges, protection from winds, &c, timber is increasing ovsr 
this area. 

The western half of the county was originally covered with 
heavy timber — excepting a few limited, enclosed spaces, which were 
open prairie, or sparsely covered with oak and under-brush — and 
forms a part of what is denominated the "Big Woods." 

This region is being cleared up rapidly and there are now many 
fine farms in every township of the timber regions of this county. 

The following list embraces all the native trees and shrubs that 
were noticed during the survey. It is not believed, however, that 
it includes all that grow naturally in the limits of the county : 

Baas wood. Tilia Americana. /.. 

Smooth Sumach. Rhus glabra. L. 

Jersey Tea. Ceanothua Americanus. L. 

Sugar Maple. Acer aaccharinum. Wang. 

Silver; Maple. A. dasycarpum. Ehr. 

Red or Swamp Maple. Acer ruhrum. L. 

Box -Elder. Negundo aceroides. M<ettch. 

False Indigo. Amorpha frutieosa. L. 

Locust. Robinia Paeudacacia. L. Cultivated. 

Cherry. Prunus. 

Red Raspberry, Rubus strigoaus. Michx. 

Blackberry. R. villosus. Ait. 

Crab. Pyrus arbutifolia. L. 

Dogwood. Comua paniculata. L'Her. 

Wollberry. Symphoficarpua octidentalia. B. Br. 

Ash. Fra*inus. 

Slippery Elm. Ulmus fulva. Michx. 

Butternut. Jaglana cinerea. L. 

Walnut. Juglans nigra. L. 

Hickory. Carya. 

Burr Oak. Quercua macrocarpa. Michx. 

Black Oak. Quercus coccinea. Wang. Yar tinctoria. Bartram. 

Wild Hazle-nut. Corylua Americana. Walt. 

Iron-wood. Ostrya Virgmica. Wilid. 

American Aspen. Popolue tremuloides. Michx. 

Cottonwood. P. moniliifera. Ait. 

large-toothed Aspen. P. grandidentata. Michx. 

Balm of Gilead. P. balsamifera. L. Var. candicaua. Ait. 

Red Oak. Quercas rubra. L. 

White Oak. Quercua alba. L. 

Wild Plum. Prunus Americana. 

American Elm. Ulmus Americana. [PI Clayt.) Wilid. 
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American Crab. Pyrns Coronaria. L. 

Black Cherry. Prunue serotina. Ehr. 

Bittemat. Carya aniara. Nuit. 

Wild Red Cherry 1 . Prunua Pennsylvanica. L. 

Thorn Apple. Crataegus Crag-galli. L. 

White Birch, Betula alba. Var. populifolia. Spach. 

Small Cedar. Juniperue Sabina. L. Var. procumbens. 

White Pine. Pinus Stxobus. L. 

Water Beech. Carpinus Americana. Miehx. 

Cornel. Comus panicnlata. L'Her. 

Cornel. Comus circinata. L'Her. 

American Woodbine. Lonicera grata. A it. 

Juneberry. Amelanchier Canadensis. Torr (£ Gran- 

Dwarf Wild Rose. Rosa lncida. 

Pipe Vine. Arietolochiii Sipho. 

Grape. Vitis cordifolia. Miehx. 

Virginia Creeper. Ampetopsis quinquefolia. Miehx. 

Nine Bark. Spirtea opulifolia. L. 

Bittersweet. Celastrua scandens. L. 

Rose. Rosa blanda. Ait. 

Lombardy Poplar. P. dilitata. Ait. • 

Speckled Alder. Almus incana. Willd. 

GEOLOGICAL eTRCCTOBE. 

In general the drainage of Rice county is toward the north and 
east, which fact indicates the relative elevations. 

The Chicago and Milwaukee R. R. survey (Minnesota Div.) found 
the elevations of the natural surface, where the railroad crosses the 
northern line of the county, to be over 1050 feet above the sea level. 
At Faribault depot it is 993 feet; at Dundas depot, 945 feet; at North- 
field depot, 905 feet. The entire western half, and the southeastern 
portions of the county have a higher elevation. I have no means 
of knowing positively the relative elevations or the highest point 
in the county ; but judging from appearances I conclude that the 
rolling prairie, on which Cannon City is located, is the highest by 
least 100 feet. 

The only geological formations that appear in this county are 
the 

Loam, 

Drift, 

Trenton Limestone, 

St. Peter's Sandstone, 

Shakopee Limestone. 
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In general appearance these formations are not unlike the same 
formations as they are seen in other portions of the State, and 
carefully described by Professor Winchell in his reports made dur- 
ing the past few years. Nor did I find in the county any remark- 
able special peculiarities in any of the formations. 

The Loam is deep, dark-colored and fertile, over nearly all the 
eastern portion of the county ; but over the western portion as a 
rule it is thin. 

Drift, consisting largely of blue clay over-lain by a grayish yel- 
low clay, characterizes the soil of the western half of the county. 
Boulders of granite, gneiss, trap and porplyry are quite abundant 
in some places ; but fine clay, with small quantities of gravel, are 
the rule throughout this region. No well yet dug in the western 
part of the county has passed through the blue clay — though some 
of the wells are over 100 feet deep. A hint as to the depth of the 
clay is found in the fact that a well dug last season south of Rice 
county, about 30 miles west of Owatonna — near Janesville — after 
passing through 200 feet of blue clay reached a sandstone said to 
be identical with the St. Peter's in appearance. An abundance of 
good water, which rose to within 30 feet of the surface, was found 
between the clay and the sandstone. This fact should be considered 
by the residents of this drift and timber region, as many of them 
have failed to secure good and abundant water in the clay. Indeed 
there is much uncertainty about getting good well water in this 
region. Some holes at 100 feet or over fail to bring enough water 
for drinking and cooking purposes. Some wells that furnish an 
abundance of water are so strongly impregnated with mineral im- 
purities as to be nearly useless, while others are quite pure. It is 
possible that good water which would rise nearly to the surface 
might invariably be procured by boring through the clay to the 
under-lying rock. 

Illustrations of the peculiarities of the deposits in this region are 
seen in the following facts : On the S. E. side of Union Lake (T 
miles west of Northfield) Mr. B. Benton dug 40 feet and secured an 
abundance of water, but is strongly impregnated with some 
mineral impurities. About 40 rods from there Mr. M. J. Punk se- 
cured better water at 16 feet ; and about 40 rods further Mr. S. A. 
Amsden secured nearly pure water at a depth of 36 feet. 

It has been supposed by some that the formation underlying the 
drift throughout the timber region is the Cretaceous, and I see 
that Prof. Harrington in his report on Steele county expresses his 
belief in the existence of the Cretaceous along that belt. I am not 
satisfied that such is the fact. To my mind there is but very little 
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evidence of it ; but I do not desire to discuss ths matter till I have 
procured more light on the subject. At present my belief is that 
the drift rests immediately upon a thin remnant of the St. Peter 
-sandstone. Perhaps in some places the St. Peter is all eroded so 
that the drift rests immediately upon the Shakopee. 

Reference to the accompanying colored map of the county will 
show the areas of the different formations as they give evidence, by 
exposure and by topography, of underlying the deposits of drift 
and loam. 

It will be seen that the Trenton limestone is nearly removed from 
the western part of the county, the bluffs along the Straight river 
to a point a little south of Faribault, and a hill near Northfield, 
being the only places where it occurs. East of the river, however, 
it is extensive, and furnishes abundance of material for building 
purposes of which mention will be made under the head "Material 
Resources." 

In general character the Trenton resembles so closely that found 
in other parts of the State, and so carefully described in previous 
reports on the survey of the State, that little need be said here. 

For building purposes the most of that found in this county is 
superior to that quarried near St. Paul, in that it contains less clay 
and does not weather so easily. On the other hand the Rice county 
limestone contains more concretionary iron pyrites, and, hence, 
necessitates more care in its selection for architectural purposes. 

The Straight river cuts through the Trenton'and enters upon the 
St. Peter at Walcott's mill, 3 miles south of Faribault. At a point 
eight miles further north the river (having now become the Can- 
non) has worked its way through the St. Peter and enters upon the 
Shakopee. The thickness of the St. Peter, in Rice county, is from 
100 to 125 feet. It appears in the form of cliffs at frequent points 
along both sides of the river from the place where it is first reached 
by the Straight to the northern limits of the county, and in the 
northeastern part of the county it frequently appears in the hills — 
indeed it largely gives character to the topography of this section. 

Judging from the topography also I am satisfied that many of 
the hills in the northwestern part of the county — in Wheatland 
and Webster townships — consist largely of the St. Peter ; but they . 
are so heavily covered by drift and timber that I could neither find 
nor learn of any exposures. In Cedar Lake there is an island the 
topography and flora of which indicate the St. Peter, capped with 
Trenton. I was unable to verify this by excavations. 

There is no place in the county where the St. Peter sandstone is 
sufficiently compact and firm for building stone. As along the 
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Mississippi, it may be removed by pick and sbovel. In color it is — 
as along the Miss, river — white to red, according to the percentage 
of iron, and its oxidation resulting from exposuse. No fossils are 
found in it here. 

The Shakopee limestone is reached by the Cannon river at a 
point about 4 miles south of Dundas — 6 milns south of Northfield. 

On leaving the county one-half mile north of Northfield, the 
river has cut into the Shakopee about thirty feet. The map shows 
approximately the extent of this formation as exposed. The de- 
scriptions of it in preceding reports will apply to the formation as 
seen here. 

Material Resources. 

Limestone — both for building-stone and for quick-lime — and sand 
for mortar, are abundant along the valleys of the Cannon and 
Straight rivers, and throughout the western half of the county ; 
while in the western portion no limestone is found. 

Good clay for the manufacture of brick is sufficiently abundant 
all over the county. 

Stone Quarries 

are abundant throughout the eas&rn half of the county. The bluffs 
throughout this region are capped by a layer of the Trenton varying 
from a few inches to several feet in thickness. 

The various neighborhoods of this section have their quarry, or 
quarries, from which all the building stone for general purposes is 
easily obtained. 

Prairie Creek Valley has scores of quarries opened along its bluffs; 
and the valley of the Cannon looks, up to as many more. Good 
coursing-stone is furnished at Northfield for about $6 00 per cord. 

At " Fall Creek," 3 miles east of Faribault, there is a fine deposit 
which is being extensively quarried by its owner, Mr. Phillip 
Cromer. The deposit of limestone here is about 12 feet thick and 
is covered by about 4 feet of drift and loam. The strata in this 
quarry range from 3 to 12 inches in thickness and are easily quarried. 
The upper stratum, 8 inches in thickness, is quite light-colored and 
filled with fossils which are so thoroughly cemented and transformed 
as to render the stone compact, while its fossiliferous nature is still 
clearly apparent. But few specimens of fossils can be enucleated. 
The rock is infiltrated by gypsum and Iron Pyrites which often 
cement its seams quite firmly. 
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Mr. Cromer sells undressed stone for prices ranging from 15.00 to 
$15.00 per cord. The greater part of his business however is in the 
best varieties, which he sells by the cubic foot, at prices ranging 
from 25 cents to 75 cents. 

Mr. N. Lord, 2 miles south of Faribault on the west side of the 
river, has two quarries opened, from which he has. sold as high as 
300 cords in one year. - 

In Richland township, bordering on Goodhue county, Messrs. 
Halver Johnson and Peter Halverson have each a fine quarry at 
which I saw about 100 cords ready for market, 

Messrs. I. Lenhart, A. Revere, C. Stetson, D. Furguson and P. 
Olesbn are the principal quarry men in the vicinity of Northfield ; 
and on Prairie Creek, in Wheeling township, Messrs. J. Thompson, 
A. KnapfandS.Aslsgaon do quite an extensive business in quarrying 
for their neighbors. 

Lime Kilns. 

The upper four strata of the Lower Trenton formation as exposed 
in this county furnish tolerably good material for quick-lime, though 
in some places the deposit is too silicious, and in no place is the 
lime obtained sufficiently white for fine work. When first burned 
the lime is yellowish in color, but when slacked is nearly white. It 
is excellent lime for stone work. • 

Though lime has been burned in every township of the county 
east of the Gannon river, it is not now made a regular and paying 
business except at Phillip Cromer's kiln, on Fall Creek, near Fari- 
bault. Mr. Cromer uses a patent kiln and burns from 3,00lt to 
3,500 barrels a year, which he sells at 65 cents per barrel Three 
other kilns near Fairbault, owned respectively by Messrs. Pond, Lee 
and Lord, burn in the aggregate about 1,000 barrels per year. There 
is a kiln one mile from Northfield, in Dakota county, which supplies 
Northfield and vicinity. This kiln burns its lime from the best 
strata of the Shakopee formation. In general character the lime is 
like that of the Trenton. 

Brick. 

Rice county contains an abundance of clay for the manufacture 
of brick but none has been found sufficiently free from iron to 
make the white or cream-colored brick. At Faribault Mr. J. G. 
McCarthy makes about 700,000 per year, which he sells at $6.00 
per thousand. One season he made one million. All the clay of 
this section is so clear that to make good- brick it is necessary to add 
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Henry Durham, of Faribault, burns about 300,000 per year and 
finds lying immediately under the clay a stratum of sand for mixture 
with it. 

Another brickyard has been started at Faribault this season. Its 
character and success are not determined. At Prairieville, Messrs. 
Meisner and Leonard are making about 300,000 per year. Their 
brick are said to contain considerable' lime and to be very good. At 
Morristown, Mr. Pettiel makes abont 50,000 per year. Three miles 
northeast ot Faribault, Mr. Dungay is making the best brick yet 
produced in the county. His product so far has been but about 
100,000 per year, but these have been sold at from $7.50 to $8.00 
per thousand. At Shieldsville one kiln is burned each year for 
home supply, and at Northfield one or ■two small kilns are burned 
every season. 

During the past season a bank of clay has been opened about 
three miles from Northfield and brick for the new college building 
(St. Olaf s) have been burned. They are pronounced of fine quality. 

In making the survey of this county I am especially indebted to 
Surveyor Jesvett, of Faribault, for surveyor's notes of the county, 
to Professor J. ,T. Dow of the State Blind Asylum, at Faribault, for 
his valuable company and assistance during several of the days 
occupied in field work, and t« Professor B. F. Thomas of Carleton 
College, who also rendered valuable assistance. 

At some convenient time in the future I shall hope to make a 
supplementary report concerning some further facts and features 
pertaining to the Geology of this county. 
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CHEMISTRY. 



REPORT OF PROF. PECKHAM. 



Prof, N, E. Winchell, 

My Dear Sib : — The chemical work for the Geological Survey 
during the last year has been as follows : 

The analysis of the ashes of 17 specimens of peat. 

The analysis of four specimens of peat as fuel. 

The analysis of the water of the Belle Flaine salt spring, so- 
called. 

The examination of 13 specimens of water from the Bed River 
Valley. 

The examination of 3 specimens of water from Brainerd. 

The examination of three specimens of limestone, and of concre- 
tions from the brick clay at Minneapolis. 

The results of the examination of the peat and peat ashes are 
herewith submitted. The water from Belle Plain was procured by 
myself about the first of last May. On reaching Belle Plaine I en- 
quired for the spring from which the salt water had formerly been 
obtained and was informed that the bank had caved in upon it and 
it was filled up with earth. I was further informed that the water 
oozing from the base of the bluff was as salt as any water about 
there. I then enquired about the well and the possibility of getting 
some water from the boring, I was informed that no water could 
be procured from that source as the pump had been taken out and ' 
the level of the water was many feet from the surface. The station 
agent confirmed this information and I saw no other resource but to 
collect such water as I could from that flowing from the bluff. I 
brought this to the Labratory and soon found that this specimen 
was nothing more than hard well water, confirming the results of 
the examination that I made in 1873-1. I afterwards met a gentle- 
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man who resided in Belle Plaine, who confirmed the statement pre- 
viously made to me that I had probably got a specimen of as Bait 
water as any that was to be had there now. 

Having ascertained that there was a comparatively small amount 
of solid matter in the water, of which only a very small proportion 
was chlorides of any kind, that the water contained principally 
bicarbonates of lime and magnesia with some sulphates and chlo- 
rides ; in fact, as stated above, that the water was nothing bat a 
hard well or spring water, I concluded that- it would be useless to 
make an estimate of the gasses dissolved in the water, or of the 
substances contained in small quantity, and therefore after com- 
pleting the estimates then begun I did not continue the examina- 
tion further. 

But one of two conclusions can be entertained in reference to 
these results ; either the wrong water has been examined or the 
Belle Plaine salt springs do not yield salt water. I purposely 
avoided seeking any parties at Belle Plaine who had been hitherto 
interested in the salt operations there, as I did not wish to prejudice 
my results for or against any persons or interests. 

The examination of the specimens of Red River water made dur- 
ing the summer vacation have been previously reported upon. 

The examination of the water from Brainerd has been already re- 
ported upon. 

The Belle Plaine Water. 

Mineral matter in solution 25 . 10 grains to gall. 

Organic and volatile matter in sulution. . . ... 5.37 " " 

Total solid matter in solution 30.17 " " 

Chlorine. CI 3.152 u " 

Silica, SiO, 1 .465 " " 

Ferric, aluminic and J * i*n 3 t naa « « 

phosphoric oxide 1 fjff* {'////[ 

Barium sulphate Ba SO, A trace " " 

Sulphuric oxide 80s. 1.033 " " 

Lime CaO 5 .896 " 

Magnesia MgO 544 " " 

Alkalies and carbonic oxide (CO») were not determined. 



, d by Google 



ANNUAL RBPORT- 
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Had been dried about three years. 
Had been dried about three years. 
Had been dried about three years. 
Had been dried about three years. 



Nos. 46, 47 and 48 are limestones.* They were examined for the 
total amount of matter insoluble in hydrochloric acid, water, iron, 
alumina, phosphate of iron, lime and magnesia in the soluble portion. 
As there was only a trace of soluble silicate and phosphates the 
lime and magnesia were calculated as carbonates. No. 47 gave a 
small per cent of alkalies, not an unusual ingredient of lime stones. 
Nos. 46 and 48 gave only a trace of alkalies. 



impact and non-argflliiccoiu 

*a wv,a a sanijjle uf (hi: : I: — '■■ 

a below the University 



building-stone from Minneapolis— ''No. 6 "of the 

f<ir1R76.p. 149. 

Cram Taylor's quarry, near Fountain, FI11- 
. „ llaceous. 

limeMinie i'l')! 1 1 Miniii'iiuolla, from ''No. 1 " o( the 
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Analysis gave the following results: 

No. 46. 

Portion insoluble in hydrochloric acid 14.45 per cent. 

Water (Hi 0) 1.60 

Ferric oxide (Fe, 3 ). Alumina (AL 3 ) ) -, 7{ . u 

Ferric phosphate (Fe 3 P 3 8 ) J L ' lu 

Carbonate of Lime (Ca CO, ) 75.482 " 

Carbonate of Magnesia (Mg C0 3 ) 6.810 " 

100.043 " 

Alkalies, sulphuric acid and solouble silica, of each a trace. 

No. 47. 

Portion insoluble in hydrocloric acid 9.890 per cent, 

Water (H a O). 0.240 " 

Ferric oxide (Fe, 3 ). alumina (AU 0,)- j . 0(Vl lt 

Ferric phosphate (F, P, Oa) j 1,dW 

Carbonate of Lime (Ca C0 3 ) * 86.107 

Carbonate of Magnesia (Mg CO,)- • • • ■ ■ 00.470 

Alkalies -• 440 



Sulphuric acid and soluble silica, of each a trace. 

No. 48. 

Portion insoluble in hydrochloric acid 16.220 per cent. 

Water (H, 0) 0.375 

Ferric oxide (H, 0), Alumina )A1 S 3 ) ) o^tk « 

Ferric phosphate (Fe, P a Ob) [ d ' U '° 

Carbonate of Lime 54.533 " 

Carbonate of Magnesia 36.002 " 

100.205 " 

The magnesia is a fraction of one per cent too high. Alkalies, 
sulphuric acid and soluble silica, of each a trace. 

These results would give these limestones the following values 
for burning into lime. If completely burned, 

100 pounds of No. 46 would give 61 -pounds of lime. 
" " 47 " " 60 " " " 
" " 48 " " 62. " " " 

Of the 61 pounds of No. 46, 45.5 pounds are available for mortar. 

" " 60 47,49 " " 

" " 52 " " " 48,42.5 " ' 



KibyCoogle 



130 



ANHTJAL BEPOKT. 



The mortar from N03. 46 and 47 would be nearly a pure lime 
mortar, that from No. 48 would be one-third a magneaian mortar. 

One houndred pounds of pure carbonate of lime will yield fifty- 
six pounds of lime, after burning, all of which would be aTailable 
for mortar. 

Practical results would vary somewhat from the above as more 
or less skill was exercised in burning the limestone. 

No. 54. Lime Concretions found in the Brick Clay at Minneapolis. 

Matter insoluble in hydrochloric acid, chiefly Fe * 3 . 4.62 per cent. 
Calcium Carbonate 94.83 " 



There was also a trace of magnesium carbonate and organie 
matter. 

Feb. 25, 1S78. 
Report- on Serial Xos. 49, 5$ and 51, Well Waters from Brainerd. 



o 


| 

1 


9 
1 


|i 


O 


|l 


11 

5 


i 


i 


it 


y 


EEMAKKS. 


C.H. Alsop.. 
Al. White 
Leland House 




SI. 387 

IB. SI! 


24.2&S 
ih.imm 


TOW 8.172 


6.121 




■.,,,, 


132. 


4a. 

9. 


Sulphuric and 
Carbonic acids, 



These waters are very unlike. No. 49 is a hard well water, very 
bad indeed from free and albuminoid ammonia. The latter might 
be derived from decomposing vegetation, but the free ammonia in 
such large quantities gives unmistakable proof, in the absence of 
other causes for its presence, of sewage contamination. No. 49 also 
contains a very large proportion of chlorine which is also proof of 
contamination. No. 50 is a pure well water, somewhat hard, but 
very free from ammonia in any form. The amount of chlorine is 
also small. No. 51 is harder than No.. 49. It contains less ammonia 
than 49 but still sufficient to indicate contamination, especially 
when considered with the large amount of chlorine that it contains. 
All three of these waters contain only a trace of sulphuric acid SOj 
and a very little carbonic acid (COi). In waters containing so much 
chlorine it is useless to attempt to estimate calcium and magnesium 
with soap ; the method of Parke's does not answer, excepting for 
those waters containing carbonates as I have stated in a former re- 
port. 



, d by Google 



BTATE GEOLOGIST. 181 

Nothing in the appearance of these specimens would indicate 
V there was any difference T 
ordinary well or spring v 



that there was any difference between them or that fchey 
ell ( '" 



Respectfully submitted, 

S. F. PECKHAM. 
Minneapolis, Minn., Dec. 11th, 1877. 

P. S. — Dec. 29th. In 49 and 51 the chlorine appears greater in 
amount than the total solid matter. This chlorine is correct and 
doubtless exists in some volatile form. There wasnotwaterenough 
for me to ascertain to what cause the discrepancy is due, but the 
reason assigned above is I think adequate. 

S. F. P. 
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X. 

ENTOMOLOGY. 



REPORT OF ALLEN WHITMAN. 



Prof. N. H. Winchell, State Geologist: 

Sir : — I have the honor to contribute to The Geological and 
Natural History Survey of Minnesota the following entomological 
notes for the year 1877. They refer mostly to the locust, with the dis- 
appearance of which we are left once more to contend only with some 
of the common pests of the garden, and of fruit, shade and forest trees. 
In this respect we are fortunate that we still lie outside of the range of 
some of the most pestilential enemies of the grain and corn fields ; 
and although a persistent cultivation of any growth will probably 
bring in time all the insect enemies of that growth which are capa- 
ble of existence and reproduction here, we are subject for the present 
only to the attacks of enemies not numerous in species nor excessive 
in number when compared with those of longer cultivated and more 
thickly settled States. These however are troublesome enough and 
are attracting more and more the attention of our horticultural and 
agricultural societies, as they have already attracted that of the few 
gentlemen in the State who have been able to devote to the study 
of Entomology a portion oLthe time largely due to other pursuits. 

It is hardly the work of tne Geological and Natural History Sur- 
vey to furnish instruction in elementary or economic entomology. 
Circumstances have made it seem necessary or desirable to col- 
lect all possible information on the subject of the locust, par- 
ticularly that species which has become so well known in 
this State. of late years, in^-egard to which much is still to be 
learned, and which is still a kind of fabulous bugbear to those 
States which are free from it. For the purpose of completing what 
has already been written in previous reports, the subject is here 
continued. But that there are other insects in regard to whose 
habits, together with the best means of protection from them, our 
farmers and gardeners onld bi> profitably instructed. i« shown by 
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the attention which has been paid to the subject during the past 
year at the meetings of our horticultural and agricultural societies, 
and by the (unsuccessful) attempt made in the last legislature to 
obtain a meagre appropriation for the purpu.*; of issuing a pamphlet 
to meet the supposed need of it. It is too often the case that the 
inability to provide against injuries results from a lack of that 
knowledge of the growth and transformation of insects that ought 
to be in the possession of even the children in our common schools; 
while many pests which are practically known to every gardener 
while in their destructive stage, are wholly unknown to him in 
those stages when they are preparing to commit future injury. 
The State Entomologists of Missouri and Illinois {and perhaps 
other States,) have considered it worth their while to preface their 
earlier reports with brief manuals of elementary entomology. A 
small pamphlet of this kind with brief notices of the form, growth 
and habits of some of our most common species of injurious insects 
might be issued by the Agricultural Department of the State Uni- 
versity (as has been done ;it the Agricultural College of Michigan,) 
and would render great service. In addition to this every one who 
is interested in the matter may contribute by sending to the Museum 
of Natural History at the State University, specimens of every 
kind of destructive insect, in all forms or stages of it that are capa- 
ble of preservation. A collection formed in this way would in time 
become of great practical value, and at the meetings of the horti- 
cultural and agricultural societies at Minneapolis, would become 
available to a large number of persons. 

Not to go outside of our cities, a large percentage of the yearly 
injury or ruin to our shade trees, is occasioned or increased by in- 
sects, while oftentimes the owners entertain no suspicion of the 
cause of the evil. We set out maples again and again, to be seriously 
damaged by the havoc of boring-beetles or of the Maple Aegerian, 
while the box-elders are defoliated and rendered unsightly hy the 
caterpiller of an insignificant yellow moth. 

Outside of the cities, in addition to the damage inflicted by the 
locust, the Colorado Potato Beetle has done perhaps more injury 
than in any year since 1870, while certain blister-beetles and the 
potato-stalk weevil have been mere noticeable than before. While 
this is in writing the report of the Hon. T. M. Metcalf, Commis- , 
sioner of Statistics, for the year 1877^ states that the Chinch Bug 
has' committed considerable injury in Houston county during the 
year. As this is an enemy to a considerable extent unknown to 
our farmers, I add a few brief notes in regard to it, with the hope 
that they may be of some value, if the evil makes its appearance 
again this year. 

Another insect which has appeared in far greater numbers than 
usual during the year is the Teut Caterpillar of the Forest, (Clisio- 
campa Silvatiea. Harris.) [Vid. Harris' Report p. 375 and Riley's 
Third Annual Report of tne state of Missouri.] These were abun- 
dant about Brainerd, as is shown by the following : 
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Bkainekd, Minn., July 6th, 1877. 

Deak Sra : — I send you by eipress a few specimens of the army worm. East 
of this place they are very abundant, and the northern limit of this caterpillar is 
unknown. They have been observed one hundred and fifty miles north oi us (by 
the Mississippi river) on that stream. 

They eat the oak and bass wood only. In the vicinity of Island Lake on 
the line of the N. P. Railway, they have been, very plenty, but are decreasing, 
advancing southward. Yours most truly, 

J. C. Rosbeb. 

The following extract probably refers to the same insect: 

"The caterpillars have again made their appearance in large numbers m the 
timber in the vicinity of Eagle Lake, and are eating the foliage of the trees, in 
many instances almost stripping them bare. Last year they occupied the same 
district, covering a district from four to sis miles in extent. This year they are 
more numerous, and we suppose are gradually extending their operations." — 
Mankato Review, June 12th, 1877. 

The works referred to above describe this insect very fully, and 
.give the means of preventing its increase. 

THE ROCKY MOUNTAIN LOCUST. 

'The area of the egg deposits for the year 1876 will be found on 
the "Map of Locust Areas," in the report of the Geological and 
Natural History survey of that year. The statements upon which 
this was based came from over six hundred townships in about forty 
^counties. The reports as to the density of these deposits varied 
greatly in the different counties. It was generally thought that there 
were very few or no eggs along the Dakota line, and in most of the 
territory where the young had natched iri 1876 ; that they were more 
numerous along the eastern line of the egg-area, where however but 
comparatively few appeared in the Spring ; and more numerous still 
in a strip of country reaching southeastward from Otter Tail to Blue 
Earth and including those counties, and in fact it was in this strip 
of territory out of all the locust region from Minnesota to Texas, 
that .the greatest damage of the year 1877 occurred. The eggs 
were also thickly laid in the southern range of counties from Rock 
to Freeborn as well as in nearly every county in Iowa lying south 
of these, but all this portion of the locust region, both in Minnesota 
and Iowa, escaped with far less damage than had been expected, and 
in nearly every case with the best crops known for years. 

PROGRESS DURING THE SPRING. 

The locust events of the spring and summer were a succession of 
hopes and disappointments, ending finally in a large measure of 
unexpected success. The warm weather of February, followed by 
severe cold in March, seemed to exert in most cases no appreciable 
■effect upon the vitality of the eggs. It was forgotten that the 
weather reports of March and April for the past four years would 
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ahow that the eggs are almost every. year subjected to more or less 
freezing and thawing. When the hatching time came the young 
failed, for various causes, to appdar in large numbers, in many 
places where the eggs had been laid at least as thickly as in previ- 
ous years ; but on the other hand they came forth in such over- 
whelming numbers in other places, that the unequal conditions of 
the different parts of the locust area, added to all the uncertainties 
of what the next few weeks would bring, rendered the loosely drawn 
and self-contradicting bounty law* of 1876 an obvious failure, and 
no steps were ever taken to carry it into effect. The prospect dur- 
ing the last ten days of May was disheartening. In thirteen coun- 
ties, in parts of some and in nearly the whole of others, clean 
sweeping destruction of wheat and serious injury to many other 
erops were already in progress, while in about twenty other coun- 
ties the young had appeared in sufficient numbers to cause great 
apprehension. From the first of June onward there was marked 
improvement ; where the locusts were excessively numerous and 
where the wheat had been trimmed to the ground at that date, the 
crops failed to recover ; but where the growth still remained or had 
not been badly eaten, the comparative amount of injury grew less 
from day to day until the crops for the most part were safe except 
from migrating swarms. Then followed a series of migrations in 
July and August, which though they added a little to the territory 
already injured, were so different from those of other years as to be 
mainly harmless. The result of all this was far different from any- 
thing which could have been expected in May, and the returns of 
the Commissioner of Statistics for 1878 will probably show that the 
locusts destroyed more bushels of grain in 1877 than have been 

f Minnesota tor 18T7 ; Chaftbr Re.— The ant appropriates 

-' - ' ' - 1 '■■ — Tlie bounty Is to lie paid 



t'ulv to poison- .u nil! within counrties aifeotcd bv Ltrasshoppers. Tlie sums to be paid 

are as follows ; ftftv rents jut cnlLou fur or:as! ; one dollar per bushel fori;-"" 1 

cm 1 I 

. Instead of "caught" 
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- - ■ ---, per bushel rtnrii tl'.e 1st of J ill v to flic, lor of October. '--' " ■ ' -'■■-'■ 



it would 1 i i ■ bettor to use ill.- w aril 'deli venal."" for obvious reasons. 

Oilier sections provide lac the delivery of captured jtrar,s!iO|i-iers tn men-oners H|>iK'bi-.r- 
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l-itiili! Auditor, ami paid will) bis wurrnhl iipuu Lbe Stale Treasurer. MrhoiiL'b the pro- 
visions of the act extend to October 1st. tin* uiuiiev appro printed bv the act can be 
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'■no other or greater amouut than sioo.ooo shall ever be paid under the provisions of this 

It In entlrelv an unfair proportion between the price to be paid up to May Kith (one 

dollar per hnshel. which is none too uinciii and from Juno lu'.li to duly 1st.. ; So wills per 
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ended Unit a few of the worst, infe-ded counties would easily exhaust nearly tbo whole 
appropriation, perhaps without saving any great amount of crops ; while others (which 
filial] v ..soaped alnio-t unharmed wit ho ill auv use <y. ill? hnuntv l;iw,i wouiil have to ho 
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destroyed in any other' year, and that the amount left to harvest 
fully equalled any annual crop yet produced. 

The causes of this unexpected^ result are for the most part a series 
of favorable climatic conditions. As in the year 1876 the returns of 
locustdamageiufllctedmostlyin July andAugust,ineludedaconsid- 
erable diminution of the wheat crop by drouth in June, so, on the 
other hand, counties harvesting a full average crop in 1S77 will prob- 
ably report no damage, even where the crop was really somewhat 
reduced by the locusts. For once, the farmer, taking the annual 
chances of rain, hail, blight, drouth, insects and other destructive 
agencies to which he is from time to time subjected, has found the 
influences of climate to be so largely in his favor as to offset what 
otherwise promised to be an unmitigated evil, and if it is not prob- 
able that the state will be often overrun by locusts in any series of 
years, it is still less likely that in any one " locust-year " the hatch- 
ing will again be reduced to a nullity through so large a portion of 
the egg-area. But that events of this kind do actually repeat 
themselves in the long run, is shown by the fact that the locust 
events of 1857 (so far as they can be recalled) are almost exactly re- 
peated in 1877, in the thick deposit of eggs, in the character of the 
spring weather, in the damage which proved less than anyone had 
expected, and in the final departure of the migrating swarms in July 
and August to some unknown destination from which they failed 
to emerge in great numbers for several years. Of course all that is 
here stated of the successful results of the harvest of 1877 is said 
with a full knowledge of the sweeping destruction in some ot the 
worst ravaged counties, but also with a consideration of all those 
counties where- the locusts failed to inflict injury, and where it would 
have surely followed in a spring resembling that of 1876. 

Other and less considerable causes tended to reduce the expected 
percentage of injury. These were, a certain but hardly calculable 
amount of destruction of the eggs by insect and other enemies, and 
a partial failure of the eggs to hatch, "from causes unknown ;" a 
comparatively trifling destruction of the young by snow storms at 
the end of April ; and, more efficient wherever applied, the destruc- 
tion of the eggs by plowing and harrowing the egg-beds during the 
fall and spring, and the destruction of the young with ditches, tar- 
pans, nets, and other contrivances. To this must be added that in 
some cases where the young were fully as numerous as in other 
years they were far more harmless, and also' that eggs deposited in 
September and October, 1876, were hatched so late that the crops 
were mostly beyond the reach of the young. 



The cases of reported hatching in February were, so far as ascer- 
tained, entirely the appearance of native species. AH of those sent 
me were of a size that generally precluded the possibility of their 
having hatched in February. Three of our common native species 
were received, of which two became winged in the first week of 
March, but neither of the same species was observed in the fields 
until the 25th of May. The young (perhaps of Spretns) were seen 
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in our southern counties by the 10th of April, and by the 20th of 
the month had appeared in considerable numbers along the river 
bluffs between St. Peter and New Ulm. Part of these, and perhaps 
all, were destroyed by a storm which came about a week later, 
but they were only a trifling portion of all that were to appear. 
Innumerable newspaper items, letters, and replies to circulars show 
that it was not until the first ten days of May that the eggs hatched 
in greatest numbers, with slight difference between the dates of 
appearance in the northern and southern counties. 

LATE HATCHING. 

It was noticed. everywhere that the hatching of 1877 was more 
prolonged than usual. This was in part due to the dampness of 
the spring, but more to the fact that eggs had continued to be de- 
posited much later than usual in the fall of 1876. A case reported 
in 1875, when a single swarm alighted {at Waterford, Dakota Co.,) 
on the 18th of October and deposited eggs which did not hatch 
until the 20th of the following June, gives an opportunity of ob- 
serving how much the late deposits are behind the early ones in 
the time required for hatching. Eggs left late in the season in this 
■way wintered over in a fluid condition, which often created an im- 
pression that they were rotten, but I had no difficulty in hatching 
such with a three weeks' warm exposure. These finally hatched in 
the fields, but in most cases too late to do much injury. Their final 
exodus from the hatching grounds was also two to three weeks later 
than elsewhere, and on the 8th of July, when the locusts had all 
acquired wings, and had entirely left the neighborhood of Glencoe, 
I found, a few miles farther west in Renville county, the young in 
about the same stage of advancement that I had seen around Mankato 
on the 21st of June, from one-third to two-thirds still in the pupa- 
stage. But in general, where injury was severe, it was only in 
places where the young had been numerous as early as the last week 
of May, and it is only in an excessively dry year, with a slender 
growth of grain, that the crops are likely to l»e badly injured by the 
young that hatch after the first of June. 

FAILURE IN HATCHING. 

Throughout a large number of counties, and perhaps throughout 
the whole egg-area, a certain percentage of the eggs failed 
to hatch. In limited areas the failure was so great as to amount 
to almost complete exemption from injury. It is difficult to 
calculate what percentage of the eggs thus failed, but there is 
no doubt that it was often a large one. It is the opinion of those 
in Nobles county who have interested themselves in observing- 
such matters, that eggs have never been laid so thickly in that 
county as in 1876, but hardly a wheat field was destroyed by the 
young in 1877. While this is in writing I have received brief 
reports from nearly every locust county in Iowa, There as in 
Minnesota, the hatching was in many cases far less numerous than 
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the extent of the egg-deposit had led people to apprehend, and in 
others the injury resulting from the great number which did hatch 
was much less than usual. The result is condensed by Prof. C. E. 
Bessey, of Ames, as follows : " In the fall of 1878 they (the locusts) 
laid many eggs in Central Iowa. In the spring of 1877 they hatched, 
but for some reason, not known to me, (nor any one else hereabouts,) 
they did not amount to much." 

The causes of failure in hatching are generally stated to be " un- 
known." They are no doubt the unusual temperature and rain- 
fall of the spring and the action of the Silky Mite and various 
grubs. It is. precisely in those counties of Minnesota and Iowa 
where the locust evil has beeu most permanent for the last five years 
that the eggs have been apparently destroyed, while the territory of 
densest hatching and most sweeping destruction in Minnesota' lies 
almost entirely outside of what lias been the region of greatest and 
most continuous damage for the last five years. As the persistent 
cultivation of any growth is followed by a corresponding increase of 
its insect-enemies, so the increase of these insects is followed by 
multiplication of the parasites and enemies which prey upon them. 
The destroyers of the locust eggs, not endowed with the same effi- 
cient powers of locomotion as the locust itself, are confined to a 
smaller range and continue to multiply within it, and where the 
locust deposits eg_ss for a series of years within the same range, its 
enemies will in time multiply, rarely perhaps in sufficient numbers 
to overpower the locust, but sufficiently, when aided by other favor- 
able conditions, to produce a marked diminution of the species ; 
while to preserve the balance still further the locust carries its own 
enemies with itself to other laying-grounds not only in the germ of 
the slowly moving locust mite but of the swift Tachiua Fly. 

AREA OF GREATEST INJURY. 

The greatest injury inflicted by the young during the spring, and 
in fact the area of all injury in the State worth reporting, was con- 
fined to a strip of country extending southeastward from about the 
centre of Otter Tail county to Lake Crystal, and lying along the 
edge of the timbered regions. On the east it was partly bounded 
by the timber, extending some little distance eastward into it in its 
northern part, (into Todd and Stearns counties), the hatching 
growing less as it progressed eastward, and finally failing almost 
entirely, except in open spots along the Mississippi. On the west 
the boundary was irregular. It was limited mostly by the line of what 
had been the most frequent cultivation in 1876, confined to river 
valleys and the points of thickest settlement, while as the farms be- 
came more scattered, (to the westward) the batching thinned out, 
and finally ended almost entirely where stretches of unbroken 
• prairie began. In general the swarms seemed to have progressed 
eastward (in Minnesota) in 1876 without halting to lay exeept in 
the vicinity of cultivation, and to have been checked in their pro- 

fress by the timber and to have massed their forces along its edge, 
t any rate this region was a laying ground through the whole of 
the preceding season from' the middle of July, through August and 
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j into September. , It is difficult to convey, to one who 

has not seen such sights, an idea of the immense numbers of the 

{'oung that appeared in some parts of this infested region in the 
ast week of May. The wheat fields covered with the young, and 
sometimes trimmed bare of every green blade, the low bushes by the 
roadside stripped of their leaves, the young locusts dancing into the . 
ah-, and flickering like heat in the sunlight before the horses' feet 
in a ride of miles across the prairies, the road-beds blackened with 
the young basking on the warm sand, all these, which had then hard- 
ly begun their devastating marches, prophesied the injury which was 
destined to ensue. These Were extreme cases, but elsewhere, where 
the numbers were less, the bands which came marching over the 
fields, one after another, finally sufficed to make way with nearly 
every crop within their reach. Later on, the wheat which 
had been left by the young in May was trimmed of its 
green leaves, and the stalks were left like spindles, blacken- 
ing in the sun, while the locusts having destroyed about 
every crop (except oats) which happened to lie in their path, 
trimmed out the tender portions of the prairie grass and made it 
almost unserviceable for grazing. The oats, the foliage of which 
was hardly touched, were attacked while heading out. and the slen- 
der stems of the berry cut off, but generally something of an oat 
crop was harvested when there was hardly anything else left to 
gather. 

A general, but hardly an organized warfare was waged against 
the young almost from the outset, every man defending his own 
fields as best he could. In the nineteen counties which the Hon. 
Commissioner of Statistics reports as more or less injured, the acre- 
age of wheat was less by 113,700 acres than in the preceding year, 
but was still considerable, amounting to 337,000 acres. OF these 
counties eight showed an increase of wheat-acreage over 1876, 
white, of the remaining eleven, four counties sowed from three to 
six-sevenths less than in the preceding year. There were instances 
of men who, warned by former experience, sowed nothing what- 
ever, as well as of men who sowed as largely as though no enemy 
were at hand ; but far the larger majority were the cases of those . 
whose only hope of a decent subsistence depended on such a crop 
as they might t>ring through to harvest. .The energy with which 
most of these b^an the battle as soon as the young made their 
appearance, waS worthy of all success. The usual methods 
of burning the young were resorted to at once, and in 
some cases ditches were run about the fietds. Towards the 
end of May the coal-tar pan, which had been used in vari- 
ous forms in Kansas. Colorado, and elsewhere, came at last 
(after having been fully described during the preceding year,*) 

•There was no reason whv the use of coal tar, kerosene, ftc, in pans or otherwise 

siiiiuhl hiivi' seennrii a novvl ■■: proiirlL-iitia! Liivtriiliuii Li i tin; p'-npk- of Mi -Ota. "I'll': 

"•"■' ff t:u-s]irv;irt upi.i, hni.ilPa:- pa jut «a- I ,i".!-,- <l--«.[-: h..l in rlit' Krpnrt of T t l - - I'lcolo^- 
hmI a ml Natural lli.-4i.av :iu; n-v ii| Hi n Ursula fur Jifro ; a- full (k'^.Tiption ol the kero- 
sene pun iviis -i;n; iiraaoVa.^ 1:1 onr of rin- "patent inaiiif-s" or onv ......niirrv papiir. for 

tin- samt; v ■ : a It'Mt-r ii.jrr 1 1 1 ,_■ , - 1 . ■ ■_ . Oil" ratio, dated Auilis- /.ill. pi. I,. In lliu l-'Mlt.i-rs 

lnioi; 1,1 Jli[i[it;:ti.iii:i-i.dt;s«ri:ic> t!> u-i: of rual-rar ..plead Npun i-anvas, to he dragged 
out the iij-ii in ; while in <,:■.:■ ihi.-i.---i.-iIi in,-- Di tin; (;iasslii!ii;ier rmivampiii :-l (iiiialm. 
(page 61) tile sain..- iii-truim-n wn; il-* H-n-il ns<;iiu. In siiin- in' ;■:.{ ! his. ;lie loir of eon]-- 
tar seemed jiljKol-.telv mikii.iwn to i i.:- ■ . - - . - j . ". -.- in "ilinne-ola iml:L it iv;r n.iike. known to 
them hy the letters of tlio Hon. A. B. Koieilus, uf Wilmar, to tin.' Br. ,'ant Pioneer Press 
in May, 1817. 
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to the attention of the people of Minnesota, and was seized eagerly 
as an instrument that promised to be effective. For the next three 
or four weeks, wherever tar and sheet-iron eonld he obtained, men, 
women and children dragged the tarpan industriously over the 
grain fields, until the instrument became either useless or unneces- 
sary. By the middle of June the locusts had grown so large that 
other means of catching had to be devised, while in the majority of 
cases the crops were either so badly injured as to be not worth 
fighting for, or were so far beyond the reach of the Iocust9 that re- 
mained that further fighting was unnecessary. It is difficult to 
estimate the exact amount of success to he attributed to the different 
methods of destruction as they were applied, or indeed to any 
method that has been applied so far. In a warfare of this kind the 
farmer must take his chances, and what proves successful in one 
place, or in one year, may be totally futile at another time or place. 
In spite of all that has been said and written for the last three years 
it is necessary to say here once more what most of our farmers are 
at last convinced of, that in strong emergencies there is no depen- 
dence to he placed upon anything but a well dug and carefully 
tended ditch ah >ut the fields. If properly constructed it will prove, 
in nine cases out often, an absolute barrier until the locusts acquire 
wings, when the element of chance comes in again. Dr. J. C. 
Currier, of Mankato, managed with a ditch to save entirely unharmed 
the crop of 160 ;tcres, in the midst of locusts hatching out in unusual 
numbers, and the method, thecost, and the result of the experiment 
will he found in full in the report of the National Entomological 
Commission ; upon the Barden farm near W'indom it is reported 
that a heavy crop was saved by a diligent use of tar-pans; Mr. Robert 
Lowe, of Lynn township, McLeod county, in a neighborhood where 
the locusts hatched in great numbers, managed to save part of a 
crop by using the tar-pan early in the season, and later on an open- 
mouthed trough, dragged over the grain after nightfall. Under the 
date of Nov. 21st, 1877, he writes : 

"The field of wheat opposite my house yielded me 20 bushels to the acre, — 
the part of it which I saved, which waa about 10 acres. The two neighbors of 
mine north of me did not fight the hoppers at all, and that part of the field next 
to them was eaten close. I kept working at them every night, but they got a 
part of it before they left. 

On a three-acre field south of my house, the hoppers ate about one acre of it; 
they came from another neighbor that did not fight themY The two acres left 
yielded me 25 bushels to the acre. 

The two neighbors north of me, above referred to, had about 25 acres of wheat 
each; one of them harvested 4 bushels to the acre, the other %y^ bushels. 

I had 20 acres of new land and 5 acres of old land in wheat in another place. 
None of the neighbors around fought them and 1 did not get a kernel off that. 
The hoppers were more ilian I coiild handle there and on that I did save, so I 
confined my operations to that 1 saved. One neighbor near me who did fight the 
hoppers, saved 65 bushels from about 7 acres." 

On the other hand there were fields that were swept clean of 
grain at the very outset. The only thing that could have saved 
such would have been a ditch constructed before the locusts began 
their march. To say that such a ditch would have proved insur- 
mountable in every case would be to assume too much, but there is 
no question that it would have succeeded in a large number of cases 
where every other defence failed. 
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All this refers to protection against insects hatched outside of tne 
grain fields. There are also large extents of wheat sown upon 
newly broken prairie (" new -breaking ,") where the eggs had been 
deposited in great abundance in 1876. Wherever the deposits had 
been left undisturbed, the growing wheat was destroyed at the outset. 
Even where the surface had been harrowed or broken with the 
seeder in the fall of 1876, the eggs left undestroyed were still 
numerous enough to consume the wneat as fast as it grew. Unly 
plowing the eggs under deeply, or vigorous harrowing of the surface 
in the fail or spring, with the use of a tar-pan pan to catch such as 
hatched upon the field, together with a ditch to prevent incursions 
from without, might have sufficed to save such fields as these. 

INJURY TO THE CROPS. 

Nineteen counties are stated by the Honorable Commissioner of 
Statistics to have been more or less injured in 1877. These are as 
follows : Kandiyohi, Chippewa, Wright, Stearns, Nicollet, Pope, 
Douglas, Swift, Otter Tail, Stevens, Grant, Todd, Renville, Sibley. 
McLeod, Meeker, Yellow Medicine, Brown, Redwood. He adds : 
" The most careful estimates of the bushels harvested by the coun- 
ties gives the following results : 

Kandiyohi and Chippewa, total loss ; Wright county, slightly 
injured ; eight counties are believed to have saved half a crop ; one, 
a third ; one, a tenth ; two, two-thirds ; three, three-quarters ; and 
one, four-fifths. 

This was the Commissioner's estimate in October, and it is not 
probable that exact statistics will add anything to the estimated 
loss. Of the above counties three were probably more injured by 
the flying swarms than by the young. In addition to the counties 
named above, thirteen others were by the end of May in a state of 
more or less apprehension, and tar-pans were put to vigorous use. 
A hot, dry June like that of 1876 would have resulted not only in 
greater damage in the injured counties but would have added many 
other counties to the injured area. 

The comparative temperature and rainfall for the last four years 
may be seen from the following table, derived from the reports of 
the Signal Service at St. Paul. 
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The total rain-fall in May was considerably greater than in any of 
the three preceding years, while that of June was greater than for 
any year since 1874, The average temperatures for May and June 
do not differ greatly from other years, but a detailed table would 
show the result of weather much better than a table of averages. 
It would show a well distributed rain-fall, accompanied by cold 
days, with northeast winds. This was the character of nearly all 
the former half of June. The result of this in May was a more 
than usually prolonged hatching, as the rain coming just when the 
egg-pods were bursting arrested the hatching for a tim«, and no 
doubt prevented it altogether in soils that retained moisture. Eggs 
thus arrested were found in the latter part of May in a decayed con- 
dition, and a prey to the Anthomyia maggot. The last two weeks 
of May however were warm and dry, and this gave the young in- 
sects a full opportunity for destroying the grain where 'they were 
numerous. But the change of temperature early in June again ar- 
rested their progress wherever the grain had not already been badly 
cut off. The large number of damp, cold, and cloudy days deterred 
the locusts from eating, and gave the grain an opportunity to re- 
cover itself, while the temperature was exactly such as to produce 
the strongest and rankest growth of wheat foliage. As this sprang 
np apace and covered the ground, the locusts, loving warmth and 
sunlight could not spread through and over the fields as in a year 
of slender and sparse growth, while the abundance to be eaten nec- 
essarily left more which escaped, untouched. In many cases the 
wheat in this way attained a growth which afterwards remained be- 
yond the reach of the locust. In others the insects were abundant 
enough to trim off the foliage, and in the first week of July thous- 
ands of acres of wheat stood in the fields like bare spindles, the 
head still enclosed in the terminal leaves. Possibly a continuance 
of favorable weather through July would have produced something 
from even such fields as this, but, in the hot, dry weather which 
followed, the heads never filled. 

But it is to favorable temperature more than all else that we are to 
assign not only the abundant harvest in the uninjured* counties but 
such crops as were saved in the remainder. Those who believe that 
the efficacy of our prayers may be tested by the material results 
which follow them, can safely find a beneficent answer to the fast- 
ing and supplication of April, not in a brief snow storm that per- 
haps destroyed an insignificant number of locusts which would in 
all probability have proved harmless, but in a whole season of fav- 
oring winds and nourishing rains. 

The effects of climate were seen too upon the young insects as 
well as upon the grain. It is to this doubtless that we are to assign 
the cause of the often reported disappearance of the young in the 
' spring without committing injury, and of the harmlessness, "from 
causes unknown," of such as remained up to the time of flying j 
reports which come from Iowa oftener than from Minnesota. It is 
to the same cause no doubt that we are to attribute the number of 
locusts found dead in the fields during the spring; numbers which 
were very inconsiderable when compared with those which re- 
mained alive, but sufficient to show that unusual agencies were at 
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work. To those who from limited observation believe that the 
species is proof against moisture, it may be asserted that a spring 
of a different character from the four preceding has been followed 
by an unusual series of locust events, viz.: comparative harmlesness 
of the hatching brood, a partial degeneration, and finally a total 
migration as if from an unnatural neighborhood ; while still others 
are to be reminded that the State is no more a permanent breeding 
ground of the species, and no more likely to be, than it was some 
years ago. 

MOVEMENTS OF THE WINGED. 

Here and there a fully winged individual of Spretus may be found 
in our fields early in June. I noticed such on the 8th of June, 
1876, and on the 14th day of Julie, 1877, while others were reported 
as early as the 26th of May. From the middle of June the num- 
ber of the winged increases rapidly, and these often rise in the air 
singly, and float lazily along on the breeze. On the l&th of June 
I observed such at Mankato. as thick in the air as stars upon a mod- 
erately starry nighi, while upon the ground below a still greater 
number had developed wings, and on being disturbed would start 
up for a low flfght of a rod or two. Here and there one would rise 
from the earth, and could be seen rising very gradually in the air 
for a long distance, until it finally became lost to sight. Neither 
on the ground nor in the air was there any appearance of swarm- 
ing. The - numbers in the air increased rapidly from day to day 
until the last week in June, when, as if they had begun to mass 
their forces, dense swarms could be seen moving slowly, high in the 
air, over the central portion of the State. These, though appearing 

to move southeast on the 26th, 27th, and 28th of June, were not 
seen east of what had been the hatching area. From the latter 
date until nearly the middle of August the State was repeatedly 
crossed and recrossed by immense bodies of locusts, alighting heavily 
and destructively in the first week of July, but only appearing high 
in the air, and purely as migrating swarms later on. These move- 
ments consisted generally of bodies, (rather than of one immense 
swarm,) seen here and there over a large area, all pursuing one gen- 
eral direction, and following each other for a few days until the 
supply seemed exhausted, when, after a change of wind, what were 
apparently parts of the same army, returned over their former track 
only to be carried back again with others when the wind changed 
back again. As the season advanced, the swarms making up these 
armies became more scattered, and followed each other at wider 
intervals, or were soon separated at long distances from each other. 

MIGRATIONS. 

These movements may be briefly summed up as follows : 
July 3d-7th — A movement to the northwest by daily journeys,. 
* with heavy alighting each evening from Willmar westward to the 
Sisseton Reservation and beyond. 
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July 8tli— 10th — A change of wind, with a return at once to the 
southeast. This movement was observed at sixty points between 
Bramble county, D. T„ and Freeborn county on the south, and be- 
tween Otter Tail and Sherburne counties on the north. 

July 11th aud 12th— A change of wind and return of the swarms 
to the northwest, observed at various places between Detroit and 
Sioux City on the west and between Sioux City and Fort Randall, 
D. T. 

July 20th and 21st — An immense movement to the southeast 
again, observed at 78 points in Minnesota and Dakota. Swarms 
were seen on the western line of observation, at various points be- 
tween Walhalla and Rockport, D*. T., 375 miles from north to 
south, and between Rockport and Albert Lea, on the southern line, 
225 miles from east to west. 

July 28— Another movement to the southeast, seen over various 
northern and southern counties, but not reported over a large 
number of intermediate points. 

August 1st and 2d — Another extensive movement to the south- 
east. This was seen at various points between Glyndon and Lu- 
verne on the west, and at St. Cloud, Anoka, Northfi^ld and LeRoy 
on the east. 

Aug. 6th-9th — Heavy flights, (but decreasing in numbers daily) 
to the southeast again ; seen mostly on a line between Benson and 
Mankato and Worthington. 

Sept. 2d — "Large numbers" flying southeast over Waseca. 

Sept. 18th — "Millions seen flying in a southeasterly direction" at 
Long Prairie. 

There is reason to believe that, as has been known elsewhere, 
many of these' swarms continued their flights through the night. 
They were observed on several occasions flying till nearly sundown, 
while it was impossible to learn of their alighting anywhere at or 
during the night ; 4 they were seen moving early in the morning as 
soon as the sun was high enough to make their numbers visible, 
while there was no known starting place from which such swarms 
could have preceded so early in the moruing ; and in one known 
case, (and probably in many others.) they abandoned in the night a 
spot where they had been abundant during the day. 

It will be noticed that after the 20th of July all extensive move- 
ments were to the southward. Ou the dates intermediate between 
those given, there was a change of wind to southward, and this car- 
ried back sometimes considerable, but always scattered bodies to the 
northwest, while as the season advanced the number thus carried 
back became fewer. Those which were carried to the northwest 
probably helped to make up the bodies which moved southeast 
again as soon as the wind changed to northerly, and what may have 
been something like a compact army early in July were spread over 
a large territory later on. The change of wind between the 7th . 
and 8th, and again between the 10th and 11th of July were followed 
at once by the return of swarms over the track where they had 
passed the day before ; on the other hand it required a change of • 
wind from the 12th to the 20th and again from the 20th to the 28th 
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of July to collect and brine back the swarms which passed over on 
the latter dates. During the later movements too, straggling bands 
were seen at a considerable distance to the east of the main bodies, 
as at St. Paul on the 30th of July, on the 1st and 3d of August at 
Anoka, St. Paul, Northfield and Leroy, on the 6th of August at 
■ Hastings, Dundas, and Brownsdale ; and during August and Sep- 
tember over El Paso, Wisconsin, and over Osage, Grundy Centre, 
Toledo, and Montezuma, aud perhaps over Waverly, Waterloo, 
Oskaloosa, and Vinton, Iowa, all of which points lie considerably 
to the east of the usual locust area. 

All the movements after the 10th of July_ were purely migrations. ■ 
Here and there individuals dropped down from the passing swarms 
until a township or two was pretty well covered, but as a rule the 
insects passed over without alighting. To determine the migratory 
capabilities and habits of the locust would be interesting and useful. 
During the summer I collected nearly a thousand reports, diaries, 
&c.j to learn the extent of the nights over Minnesota. The impos- 
sibility of obtaining similar reports from Central Dakota, and the 
absence of such from Iowa, render it difficult to trace movements 
beyond the State line. The turning point of nights between the 
7th and 8th of July was evidently in the neighborhood of the 
Sisseton Reservation j between the 10th and 11th, either in or over 
Iowa ; about the 22d of the month the swarms collected in Dakota 
along the route between Bismarck and the Black Hills and these 
were perhaps brought southeast again on the 28th of July. 

It seems probable that most of the swarms seen passed to the 
southward of Minnesota and remained there. It is certain that the 
bodies composing the different migrating armies became widely 
separated from each other during the season, and it is highly prob- 
able that the individuals composing these bodies were distributed 
over a large extent of territory and often so sparsely as to remain 
almost unnoticed. By the first of September the species was found 
at Sioux City and Fort Dodge, Iowa, in small numbers, but more 
numerous than the native species ; still more numerous at Ackley, 
where they were preparing to lay; again in very small numbers at 
two or three stopping places along the road between Ackley and 
Lyle, at Lyle and at Austin ; and a few days later at Lake Pnalen, 
five miles northeast of St. Paul. It is very likely that a careful search 
in 1878 by those acquainted with the species will disclose the presence ' 
of the young in very small numbers at various places in Eastern 
Minnesota, in Wisconsin east of Hastings, and in Eastern Iowa. • 
The locust evil being ended for the present, all further considera- 
tion of the matter produces in the mind of the farmer only that 
disgust which is excited by an unpleasant subject. But the time 
will come again when the possibility or likelihood of locust in- 
vasions, and whether they can be anticipated or prevented will be 
questions of immediate interest. But to a community looking 
forward to years of prosperous wheat-raising, and knowing that 
future success depends in some measure upon exemption from vari- 
ous insect plagues, it should seem foolish to conclude the inquiry 
with that amount of knowledge which has so far been obtained. 
The National Entomological Commission should be enabled to 
10 
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pursue its investigation b beyond the field where circumstances have- 
so far confined them, into the region where the nature of the locust 
problem is still largely unknown, and where alone the possibilities and 
probabilities of future destructive incursions are to be calculated. 

DISTRIBUTION. 

A history of former locust invasions, and a full chronology of 
locust appearances in past years, whether seen in small or in great 
numbers, in destructive onslaughts upon the grain, or in harmless 
migrations to other neighborhoods, become valuable to assist in de- 
termining what are the regions of perpetual, frequent, or occasional 
presence. It has been common to call "locust years" only those 
years in which swarms have appeared in destructive numbers, and 
to call "locust regions" and "grasshopper counties" those only where 
cultivation has been sufficient to invite injury. It has often been 
difficult to collect such facts as there are, and the desire to appear 
well in immigration statistics induces men to withhold occurrences 
that would seem to convert their particular localities into "grass- 
hopper regions" for the time being, hut which were after all only 
trifling appearances of a misfortune that was felt elsewhere in fufl 
force. "Locust regions" are not created by simple statements of 
facts, nor are the gardens of the world depopulated by occasional 
locust invasions. 

But a locust chronology for the past fifteen years contradicts the 
notion that there ia anything like periodicity iu the appearance of 
the species, though there are evidently years or periods of excessive 
multiplication ; it also disposes of such vagaries as that the stock 
has been advancing eastward yearly, occupying a certain belt of 
country each year ; or that they "move mostly in a great circle, 
touching Missouri on the east, and New Mexico on the south, the 
Pacific on the west, and far into the British Possessions on the 
north," the time required for swinging around this circle "being 
about ten years, though some get behind by being hatched out late ! 
It has been a locust year somewhere or other nearly every year 'for 
the last fifteen years, and swarms have repeatedly swept southward 
from British America perhaps to Texas, while their offspring moved" 
back northward over the same track in the following spring. It 
would seem that east of what may be the permanent breeding 
grounds of the species, there is a region where swarms appear nearly 
every year, and that the permanence or frequency of appearance 
diminishes as we move eastward. To say that this region of fre- 
quent appearance is not a "grasshopper country," is to say for the 
present that it is mostly uncultivated and uninhabited, though 
there is no reason to believe that if it were under full. cultivation 
that it would suffer devastation every year. 

This region of frequent appearance reaches eastward nearly to 
Minnesota, and the frequency results from the fact that the region 
referred to lies in the track of swarms moving northwestward 
towards the mountains in the spring, southeastward from the 
mountains in the summer, and at the same time in the vicinity of 
swarms occasionally hatched upon the plains. At least it is certain. 
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that the locust has been seen either along or east of the western 
border of Minnesota nearly every year since 1863. At Walhalla, a 
few miles west of Pembina, they are said to have come one year and 
left in the year following ever since in the year just named ; in the 
same year (1863,) they were about Moorhead, around the Coteau dea 
Prairie, Ft. Abercrombie, and were seen flying as far east as the 
Pomme de Terre River ; in 1864 the young hatched near Moorhead, 
and possibly in other places in the western part of the State north 
of the Minnesota river ; while in July winged swarms from the west 
made their wav in a narrow column up the Mississippi Valley to 
Le Sueur and Henderson; in 1865 the young of these were trouble- 
some in the regions just named ; in 1866, a year of serious invasion 
in States to the southward, there were but slight and transient ap- 
pearances of swarms in Minnesota, about Moorhead, and in Redwood 
and Kandiyohi counties ; in 1867, a year in which Iowa was overrun 
almost as extensively as in 1876, there was no appearance in Minne- 
sota so far as can be ascertained ; in 1868 large swarms passed 
northward over Jackson county for two or three days, probably 
those which had hatched in Iowa and the States below; in 1869 the 
insects were seen about Moorhead again ; in 1870 about Moorhead 
and in Brooking Co., D. T.; in 1871 a large number of our north- 
western counties were visited, but were injured only here and there; 
in 1872 the offspring of these augmented by others hatched in 
Dakota seemed to have passed southward in immense armies over. 
Southeastern Dakota and Nebraska ; the events since 1872 are too 
well known to need repeating. 

There is nothing alarming in these statements ; it is known well 
enough in how few of all these years the insects have poured into 
the State in immense swarms, and how few of all the swarms that 
have appeared have remained to prove destructive. It is only in a 
year ot excessive and repeated visitation that the small numbers re- 
maining behind from each passing cloud finally become numerous 
enough in the aggregate to make their presence destructive in the 
year following. It is only meant to show that Eastern Dakota lies 
in or near a region where the locust frequently appears ; some- 
where within yearly reaching distance of the transient or perma- 
nent breeding grounds of the locusts. On the other hand but a 
few miles to the east lies a region where the locust appears but 
rarely, while still a short distance beyond is a region where it never 
appears. 

A line drawn from Crookston to Le Sueur, thence southward 
across Iowa through Fort Dodge marks nearly the general eastern 
limit of serious inj'ury. In Minnesota this is nearly the dividing 
line between the prairie and the timber, which in Douglas and Otter 
Tail counties extends some thirty miles to the west of the line 
though not densely everywhere. From Le Sueur southward the line 

fain coincides very nearly with the western boundary of the Big 
oods, until the latter, thinning out give place to the prairie 
counties of Southern Minnesota and Iowa, where as the physical 
barriers of the forest no longer exists, the line must represent nearly 
the natural limits of the encroachment of the species. That there 
is some such natural eastern limit, coinciding nearly with the line 
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given, is seen from the fact that the hatching swarms, on migrating, 
have on no occasion whatever occupied new ground to the eastward, 
or pursued any line of flight which would not carry them some- 
where to the west of where they hatched. Whenever invasions have 
been carried to the east of the usual line, it has been in all cases by 
swarms appearing from the northwest, generally late in the season 
and by slow advance. 

These in exceptional cases have occasioned injury or have deposited 
eggs in the openings to the east of the limits named, but with 
serious results only in 1856 in the Upper Mississippi Valley, and in 
Todd and Stearns counties in 1876. 

To determine exactly how far east the species has hatched of late 
years, and to say just where it definitely end ed t would have required 
careful examination by those acquainted with the species. It 
hatched in 1877 in observable numbers at least fully up to the line 
given upon the " Map of Locust Areas," in the report of the Geo- 
logical and Natural History Survey for 1876. The hatching of the 
year confirmed the genera] correctness of this line; still more correctly 
it might have been drawn from Detroit to Princeton, thence south- 
ward to Austin, whence it moved southward across Iowa, passing 
nearly through Hardin, Story, Dallas, Madison, Adams and Taylor 
counties. But throughout all the eastern portion of this hatching 
area the young appeared in squads on scattered hatching grounds, 
and no doubt careful search might have found still others east of 
the limits given, the young of the swarms straggling eastward late 
in the fall, and finally disappearing, no one knew where. 

It would be interesting to learn also the extreme northeastern 
limit of the appearance of the species. It lies somewhere in a region 
of woods and swamps north of the Northern Pacific and east of the 
longitude of Brainerd. This almost uninhabited region, though 
not lying in the usual line of flights, might be traversed by swarms 
in almost any summer and the fact remain unheard of. It is certain 
that locusts in years past have been seen in swarms, or in small 
numbers on the ground, at Red Lake, Leech Lake, Gull Lake, 
Brainerd, Aitken and Duluth, while several years ago locusts injured 
the vegetables and grass upon the island opposite Ashland, Wis- 
consin. All these points lie in a region which the locust is supposed 
to avoid. But even if it is possible for this insect to choose by 
instinct a certain line of flight, and to select the winds which will 
carry it in that general direction, it is carried at times to situations 
which the most trifling amount of instinct would cause it to shun, 
and has been found in immense numbers in the waters of Lake of 
the Woods, Red Lake, and in fewer numbers in Lake Superior. 
The northeastern limit of flight depends, partly at least, upon the 
point where swarms cross our border, and those coming in well to 
the east on the Manitoba line might, as in 1856, be carried into the 
Upper Mississippi Valley. The swarms of that year were no 
straggling bands, blown out of their course late in the season, but 
came in immense numbers, which by the testimony of all who re- 
member the event, were many times more numerous than any that 
have appeared in later years. These reached Gull Lake and the 
region around it near the end of July, and not only destroyed the 
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crops at Crow Wing and thence southward in the Upper Mississippi 
Valley (which has never since been injured between Crow Wing 
and Sauk Rapids.) but penetrated in monstrous numbers into the 
•woods about Mille Lacs Lake where they bent down the pine 
branches with their weight. They penetrated in considerable num- 
bers as far as Cambridge, Isanti Co., a point which was hardly 
reached by swarms of 1874, and was not visited in 1876. All those 
swarms of 1856 must have crossed the northern boundary well tc 
the east, or must have turned their flight eastward over the very 
regions which the locust is supposed to avoid. It is also noticeable 
that they penetrated southward only to about the neighborhood of 
Shakopee. 

This was an exceptional instance in some respects, and in the 
locust invasions which we are destined to suffer in the future, there 
will probably be occasional events which will seem to contradict all 
previous experience, and to make it impossible to lay down any- 
thing like general rules. It might happen that swarms in a long, 
warm, and dry autumn might pass a few miles farther east than 
they have ever appeared before, and leave eggs whicli in a following 
spring of excessive dryness, and with a thin growth of grain, would 
prove destructive to a large proportion of everything sown. For 
all that the species has a certain natural range, and though no line 
can be definitely drawn beyond which it can be predicted that the 
locust will never appear, the regions of habitual, frequent, and in- 
frequent appearance will be ascertained, while there still remains 
the strong probability that with increase of cultivated acreage 
towards the mountain regions the appearance of swarms in Minne- 
sota will become rarer than before. It may even become possible 
to predict the time of appearance at certain points, and to take an 
example, as swarms reached Sauk Rapids about Aug. 20th, 1856, 
Aug. 17th, 1874, and Aug. 11th and 18th. 1876 ; as they reached 
Monticello Aug. 13th to 16th, 1856, Aug. 17th, 1874, and Aug. 18th, 
1876, it is not probable that they will often reach the Upper Mis- 
sissippi before the middle of August, or will often prove destructive 
to any great distance beyond it, either in a summer of invasion or 
in the spring following. . 

Finally, if there is in future any fear that Minnesota may become 
a permanent breeding ground of the locust, it may be said that so 
far as is known there is no permanent breeding ground of the 
species in any strict sense of that term. The species is migratory, 
and until it loses this habit there is no fear that the swarm which 
hatch here wilt remain to breed by natural increase. They may re- 
move but partially, or to a short distance only, or they may be re- 
placed by others in the same season, but in any case the instinct, 
the impulse, or the chance wind which brings them upon us will 
eventually remove their offspring. 
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The reference on the 2d page of this report to damage inflicted 
by the Chinch Bug may be Tound on pp. 17 and 18 of the Report 
of the Commissioner of Statistics for 1877, ae follows : 

"The crop of 1876 was menaced by three destructive agencies. The one al- 
ready mentioned— heat drouth or whatever it was ; the dreadful locust, whose 
flickering wings filled the air in the western portions of the state from the earth 
to the highest point of human vision ; and locally, in Houston county, the 
chinch bug, where considerable damage was inflicted by this new foe to our 
great staple. 

****** the third was not of sufficient magnitude to warrant the precise 
ascertainment of it— but it is a dangerous and insidious foe, and doubly danger- 
ous because it is insidious, and should the coming- year be marked with their re- 
newed attacks, they should be carefully studied and their characteristics report- 



TJpon page 97 of the same report the Commissioner quoted the 
following letter : 



T. M. Metcalf, Commissioner of Statistics: 

Sir: — In reply to your inquiries as to the ravages of the Chinch Bug in this 
county, I cannot say much. 

These pests are a mystery to me, and to every one of whom I have inquired, 
and I have not been able to find out much about them. 

They are here now; they have charged the earth with es-gs ready for thehatch- 
lng temperature of earliest Spring, when, I fear, our tanners here will catch it 
again. I learn that they are at Fountain, on the Southern Minnesota Railroad, 

It is estimated that they destroyed two-fifths of the wheat crop of this county 
in 1877. 

The bee theory has been tried on them. They smell like a bed-bug, and one 
can detect their presence by the smell in walking through the fields. They also 
manifest themselves by the change in the color of the grain. Their season is 
when the grain is in the "milk," just before harvest. 
They do no injury at all before that time. 

It is said that they were here before — just at the close of the war. Some of 
them live in the ground, under the stools of the gTain through the winter, but 
most of them leave their eggs and die in the fall. 

They work in a small patch, and all that are in that patch get together at 
night in a large pile, like ants in a hill, and the boot-heel, and hot water, with 
aid of lanterns, are used; but this is a alow process. When they finish a small 
patch, they move to another part of the field. 

They were not troublesome in the western part of this county, nor were there 
many, if any, in adjoining counties. 

Very Respectfully, 

Yours, &c, 

E. W. TRASK, 
Auditor of Houston Co, 
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I have received the following letter from the same source : 

Dear Sir: — Yourfavor of the ISthinst. requesting information concerning 
chinch bugs, tye, &c, came duly. The chinch bugs "promise mischief a^ain this 
year in this county- They are very thick in. the fields. We are a little in hopes 
tlatfrequent cool showers willkeep them bach, and the early season ripen the 

Eain before they do much damage. Some, not much, winter-rye is sown. The 
ga do not trouble that much I am informed. 

Respectfully, 

E. W. TRASK, 
Auditor of Houston Co. 
Caledohia, Mihk. May 22, 1878. 

Crop reports in the St Paul Pioneer Press during the past month 
mention the presence of the chinch bug in other localities. As it 
may be necessary for farmers to take what precautions they can ' 
against this most dangerons insect, I here briefly digest the sub- 
stance of several entomological reports upon the chinch bug, with 
the hope that the republication of these notes in the newspapers 
may add something to the knowledge of those who are not practi- 
cally acquainted with it. Riley's Seventh Annual Report tor the 
State of Missouri (pp. 19-50) describes (with figures) the insect in 
full, its habits natural enemies, and the best methods of contend- 
ing with it. Fitch's 2d Entomological Report for the State of 
New York. Harris, Insects injurious to Vegetation, and Prof A. 
S. Packard's Report on the Locust and other Insects in the west- 
ern States and Territories contain interesting and valuable infor- 
mation on the same subjects. 

THE CHINCH BCG. 

Mentioned in various agriculturil and entomological reports un- 
der the scientific names of Lygaeus Leumpterus, Shyparochromus 
Leuctqrferus, Micropus Leucopterus, Bliseus Leumpterus. 

An hemipterous (half-winged) insect of the sul>6rder of Heferop- 
tera; emitting, like many insects to which it is related, and for some 
of which it is easily mistaken, a nauseous (bed-buggy) odor. 

A sucking (haustellate) insect, furnished with a sharp-pointed 
beak, subsisting upon the juices of grasses and cereals. Found 
while young feeding upon the roots and afterwards upon stalks and 
leaves. 

The adult insect is about three-twentieths of an inch in length; 
the body is long, blackish^ and hairy; the wings and fore wings are 
white, while the latter have a black spot upon the middle of the 
edge; legs dark yellow. Some ten varieties (including one wing- 
less) are found differing more or less in color, but in general the 
species may be easily distinguished by the white fore wings with 
the black spot upon the edge. 

The adult insects pass the winter hidden about the edges of fields, 
" under dead leaves, under sticks of wood, under flat stones, in moss, 
in bunches of old dead grass, or weeds or straw, and often in corn- 
stalks and cornshucks. — Riley. 
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These come forth in the warm spring, pair, and the female de- 
posits her eggs, laying them from day to day for about twenty days, 
underground upon the roots of the plant destined for food. These 
are laid in clusters, and are about three one -hundredths of an inch 
long, and pale amber-colored. They hatch in about two weeksj and 
the wingless young, bright red in color, may he found around and 
clinging to the roots where they have been hatched. These acquire 
wings in about six weeks, and after pairing, produce a second brood 
which lives through the winter, as stated above. 

The insects may be seen upon the wing at pairing time, but do 
not take to flight readily. Their migrations are performed mostly 
on foot, in the growing stages, and from one field to another. 

For the purpose of destroying the adult insects in the fall and 
winter, and to prevent future multiplication, the corn-stalks, dry 
weeds, rubbish, &c, about the fields, should be burned, or these with 
boards, or anything under which the insects may take shelter, may 
be left around the fields, for the purpose of trapping them. 

As the female endeavors to penetrate below the surface of the 
ground for the pupose of depositing her eggs about the roots of 
plants, rolling after seeding tends, by hardening the ground, to pre- 
vent the deposit of eggs. 

Early sowing and invigorating the plant* with manure tend to 
bring forward the crops before the young are capable of doing theii 
greatest injury. 

As Hungarian grass is a favorif e food of the chinch bug, a rod or 
two of it sown around a field of wheat tend to keep the young occu- 
pied until the wheat is out of danger. It is also recommended to 
sow with each 12 bushels of winter wheat one bushel of winter rye, 
as the hugs will destroy the rye in preference to the wheat; or to 
surround or intersperse grain crops with hemp, flax, castor beans, 
or buckwheat. Whenever badly infested patches of grain are no- 
ticed early in the season, straw should be spread over .thein and 
burned. 

The migrations of the young, on foot, are prevented by boards 
set on edge along fields, and smeared with tar; or by coal tar poured 
along on the ground; or by running along the edge of fields a fur- 
row turned outward, in which the insects may oe destroyed by 
dragging, burning, or in pit-holes. 

Excessive moisture, (rain, etc.) are destructive to the chinch bug; 
hence wherever continued irrigation is possible the insects may 
always be destroyed while still underground. 

Among the natural enemies of the chinch bug are several species 
of Lady Bird, the Insidious Flower Bug, and the many-Banded 
Robber, (of insects), and the quail, as well as (perhaps) the prairie- 
chicken and red-winged black-bird. 

As before stated, many insects closely related to the chinch bug, 
having nearly the same form and smell, maybe easily mistaken for it. 
Perhaps the most common of these is the False (Jhinch Bug (Nysius 
Destructor). [ I found these in abundance (pairing) around Mon- 
ticello, June 14, in eornstubble and around * purslane ; they were 
mistaken for the chinch bug by those who had seen the latter re- 
peatedly]. 
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The chinch bug is a southern rather than a northern species of 
insect, but it has been found in Wisconsin considerably farther 
north than in Minnesota, and Prof Packard has found it in- Maine 
and on the summit of Mount Washington. He infers that it is 
found in the colder as well as warmer portions of New England, 
and adds. "It probably inhabits the entire United States east of 
longitude 100 ° , and will probably occur in the western Territories, 
wherever wheat is raised, though perhaps the altitude and peculiar 
climatic features of the Rocky Mountain Plateau may prevent its 
rapid and undue increase." 

It has years of excessive multiplication, like the locust, and 
other insects. In 1864 it was exceedingly destructive in the Mis- 
sissippi Valley. In 1868 it did considerable damage in Southern 
Illinois and Southwestern Missouri. In 1871 and 1871 it was again 
very destructive—in the former year the losses were estimated at . 
thirty, and in the latter at sixty million dollars, the losses in Mis- 
souri alone amounting to ninteen millions. (Riley). In such years 
as these its control passes beyond the hands of man, and it is only 
possible to mitigate its ravages to some extent, by earnest and 
united efforts. * 

Respectfully submitted, 

ALLEN WHITMAN. 
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ORNITHOLOGY. 



REPORT OF DR. P. L. HATCH. 



Pro/.N.H. Winchell: 

Dear Sir : — In accordance with your request I have the pleasure 
to report a satisfactory advancement of the ornithological survey of 
the State during the past year. Personally, and through the assist- 
ance of competent observers, representative localities remote from 
the settlements have received special attention, particularly those 
embracing water-courses, and heavily timbered districts. Many im- 
portant facts pertaining to the migration, distribution, feeding, 
and breeding of some species about which hitherto very little 
has been known, have been obtained which will be valuable in the 
further prosecution of the survey. Another of these facts, notably, 
is the intermixture of varietal forma representing different avi-faunal 
provinces. The western borders of the State have long been known 
to be interchangeable grounds, but it appears that most other por- 
tions partake of the same characteristics. I merely allude to these 
things to indicate to you some features of the work to be accom- 
plished. If it were only the listing of species found to be what is 
commonly called resident birds, my previous work, together with 
my co-laborers in the Minnesota Academy of Natural Sciences, 
would leave comparatively little to be done. But it embraces the larg- 
est measure of attainable data in everything pertaining to the esthetic 
and economic relationships of the birds to the commonwealth. 

To accomplish so much, or to approximate it necessitates the 
employment of all available aid and considerable time. I regard 
myself highly favored in having the co-operation of several compe- 
tent collectors in the different sections of the State and especially 
a number of young men residing in this city. They have already 
contributed notes on the habits of some rare species that are of 
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great value which will, appear in my final report, when each will 
be duly accredited with all that he has done. 

With this abbreviated general statement of what I have accom- 
plished during the year, reserving details for a final report, I remain 
Yours respectfully, 

P. L. HATCa 
818 Nicollet Avenue, Minneapolis, May 1, 1378. 



, d by Google 



ANNTAL REPORT. 



RAILROAD ELEVATIONS. 



BY E. 8. ALEXANDER. 



ELEVATION onihe Hutchinson branch of the Minneapolis and 
Northwestern Railway — Commencing 11.6 miles west of Minne- 
apolis, on the line of M. & St. L. Railway, thence westward 
through counties of Hennepin, Carver and McLeod, to 
Hutchinson— from notes of preliminary survey 
made in November, 1877. 
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Ridge between Six -mile rrrrk an J Halsted-sba;/ 

Mavsti ol sii-iui]« creels . . , 

Six-Mile creek (bottom) ..... 

600 (eet north of the center of sn ::•;• ju.M tnst a township — out- 
let of large cranberry marsh..... 

Watershed between Lake Mlorietouli.i anil Crow rtrer. 

On south edge of Picture nr Mini l„>k«' (water) 

ir of section 14, Wat ertown township 

Elver (bluff on east aide). 

" (WatBrtnwn ■ .:. I, 

" (bottom of rtver) 

1,900 feet north of southwest cn-jiei ,.: wrilon <•, Watertowo Tp, 
(grassy swamp) 

Ocean Marsh (grassy marsh) ; 

Cutluty-liiiB ln-Uvri-]] Oi ■■ ■■■■ ■>• ;.nd McLeOd 

Outlet of Wlnsted Lake dry bottom] .. 

WlnstedLake, south side ■■■{• ■•' !• ill, . . . 

'■ ■ " [water] 

,400 feet wes'. <• th* ■unifies..! ciTiiei .if *-i-llr:.-j» in Hjletouislnii 
—half mile n.irtli ol S'lv.i i..mi- uiwi-iiOre. 

Swan Lake [water) 

Bear creek , 

LeaveBig Wood-, ami enter Hit rgllliiR pialrte .. 

Crow Blver [bluff], 

" ■' [water) - - - 

" [bottom!. 

Hutchinson 



The above levels do not give a correct idea of the nature of the 
country — which is very rough as far as Watertown. 

From 12,5 miles to 15.8 miles the line follows the valley of Pur- 
gatory Creek, whose bluflra roll back to a height of about 70 feet in 
quarter of a mile. 

At 17.0 miles the line crosses a ridge which runs northeasterly 
and southwesterly. This ridge, compressed to a width at the base 
of 500 or 600 feet between lakes Silvine and Christmas, widens out 
both southwest and northeast. It prevents Lake Minnetouka from 
draining into Purgatory creek — although that valley is nearly forty 
feet lower than the lake — and flowing thence into the Minnesota 
river. ■ 

The blufls on Lake Minnetonka rise abruptly to bight of about 
80 feet, and a few hundred feet back are 100 feet above the lake. 
The line runs around on the loot of the blufls. 

From Six Mile creek the line follows up a small valley to 29.2 
miles where it crosses the watershed. At this place there are hills 
on each side which must be 80 feet higher. 

From here it follows down a small ravine between high hills to 
Pictore Lake. On the north, south, and northeast sides of this lake 
the hills rise abruptly about one hundred feet. 
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From here to Watertown the country is net so broken. 

From 36.5 miles the line follows up a small valley — whose bluffs 
are about 40 feet high — to 39.9 miles. 

From this point to Hutchinson the general level of the country- 
is very well showD by the table. It is rich and rolling, the knolls 
rise ten, twenty, and sometimes thirty feet above the depressions. 

[The ted hardpan drift, in a modified condition, extends via Hopkins Station, 
past the east end of Lake Minnetonka, and to within perhaps five or six miles of 
Excelsior. The drift knolls that seem to extend, in a nearly continuous series 
along the south side of the Lake Minnetonka consist of this red drift. There are 
occasional places of sandy surface, and others of red loam, but the most of the 
surface is of a red gravelly loam that seems to be derived from a slight mixing 
of the gravelly sub-soil with a thin loam that probably corresponds to the loess 
loam, of farther east. On these knolls the soil is the same, but is much thinner, 
or almost destitute of loam. 

On the road to Wayzata, from Minneapolis, the red drift continues to the 
Half-way House about seven miles from Minneapolis. Thence westward, along 
the north side of Lake Minnetonka, the surface is one of gray hardpan. N. H.W.I 
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REPORT ON THE GENERAL MUSEUM, 



By iV. H. Winchell, Curator. 

The principal work during the year has heen the opening, cata- 
loguing, and placing on exhibition of the Kunz collection of minerals. 
On the completion of the twelve cases designed for minerals and 
fossils, which are constructed on the plan' of similar cases in the 
Smithsonian Institution at Washington, these specimens were de- 

fiosited therein. They were subsequently re-handled and neatly 
abeled with a form of printed label. In the same cases have been 
placed apart of the fossils of the Trenton formation which have been 
studied. The duplicates of the species of the Kunz collection, which 
constitute nearly one-half of its bait, have also been examined, re- 
corded in the register, and re-boxed. They will shortly be offered for 
exchange, aid in that way will serve to increase the number of 
species in the Museum. 

The Megatherium skeleton, a part of the collection purchased of 
H. A. Ward several years ago, was unboxed for the first time since 
its delivery at the University, in the su mm er of 1877, and carried to 
the north room of the Museum preparatory to mounting. Una- 
voidable circumstances, much to be regretted, have delayed this to 
the present, and the room, on the floor of which it is spread out, 
has necessarily been closed to promiscuous- admission of the public, 
though interested visitors have been admitted on application. 

Two other upright cases have also been built in the north room, 
uniform with those reported last year, designed for the exhibition 
of birds, thus furnishing the walls of the room with all the cases. 
they will accommodate. In one of these cases Mr. Herrick has 
placed a number of our native birds, tastefully and naturally 



, d by Google 



160 , ANNUAL REPOBT. 

mounted, and arranged on artificial supports. The ornithological 
observations of Ttfr. Herrick during the year have been reported to 
Dr. Hatch, for use in preparing a final report on the ornithology of 
the State. 

In addition to the birds added to the Museum, a number of plant- 
specimens have been preserved by Mr. Herrick ; and others have 
been presented by Mr. B. Juni. 

The fossils collected from the Trenton limestone at Minneapolis 
are mostly entered in the Register, though as yet unstudied. 
' A collection of marine specimens from the coast of Virginia was 
presented by Ex-Governor Horace Austin, comprising the following 



1. Flying Gurnard Feriwthu* (sp?) 1 specimen. 

2. weak Fish. Otebtka* reiiohg. Cut. arid Val 1 specimen. 

3. Toad Fish. Balrachus •■• ■. Unn 1 specimen. 

4. Perch. P«"eo(«P?} 3 spi-cimens. 

5. Fiddler crab. (.Vusimtie weans. Milne Ed 1 specimen. 

6. Crap. Lupa (sp?) 5 S|nvnmens. 

7. Brachyuran cruslareowt 3 specimens. 

8. Sea Urchin, Echinu* (sp?).. 2 specimens. 

9. Brittle Star. Ofihiara isp'0 1 specimen. 

10. Star Fish. Astoria* (sp?) 2 sped mens. 

These have been placed in suitable bottles in alcohol, and form, 
together with other specimens collected in the Custer Expedition to 
the Black Hills in 1874, and others preserved last year, the nucleus 
of a collection of the invertebrate and lower vertebrate animals 
which will be of much interest. 

A specimen of the so-called Jack Rabbit was obtained, at Lake 
Shetek in Murray county, where was also found the common eastern 
species. This is probably nearly on the eastern limit of the range 
of the Jack Rabbit. A few skulls are mounted on suitable pedes- 
tals, viz.: Oct's, Canis, and Felts, to which others will be added. 

The following catalogue shows the name, number, and source 
of the geological and mineralogical specimens added dunng the 
year, exclusive of the collection of several boxes in the prosecution 
of the field work of the Geological Survey, and only so far as the 
same have been examined and labeled. 



, d by Google 



STATE GEOLOGIST. 



I Si 



a * 







ia 




£ 


■ 11 


1 


s 






I 

a 

i 




h 


1 


S 


■ Sti I s 
: »3 :i 
: §| :| 

11 -S 












1* = 


: l 


= = « s 1- 


s 


3 








$*. 


X 


llj 


I 












2 


s^ 






































































j 




















■5 






o 


1 










3 


3 








S 










: 


j 

3 

h 
1 I 

3 1 


| 






3 
> 


1 


s 

> 


£ 








=; 




5 


| I 






i 


5 z 


tafc 




I 


5" £ 


■siisinpstf 


jo oh 


-- - 


-" 


- - „- 


- 


- 


- 


















j 
































V 


































. 






s 


§ 














j*.: 




i 




Iti 








H 


jj 




% 


?* = 










1 


o 




qS 










a 


i. 


' j 


i f 










§ 








j s 














$■ • 


j 


3 *" 










s 


'I squint, 


muse 


s 


i £ 


2 : i 


3 S 


| 


S 


i 


i 





3i,iii«db» Google 



ANNUAL BEPORT, 



■snsiupails jo ox 






a 



I* 



i. :il 



. ? 1 = 5-S2;" 

g H « is?! 

a -j a 5;;S 






Serial Number. 



S3; zumrwz « g sa'Hws" 



3i,iii«db» Google 



STATE GEOLOGIST. 



165 



! 1- i:\ 

iilHii 
m 


: :*a ; : 

. ills : : , 



s|s ill*! 






isiuiaadg jo om 









Hfui, 
ill- It 



I'iiis lllllff illl«ll 



III- 



I s 



laqiuns iblish 



s 



.Google 



ANNUAL REPORT. 



i 

i 

. 1 

3 




M1N 

i Ir! 
! 11 !i 


! ' i" ! : 

y f " 


J : : 

Z3J 




i 

■ !1 i 
- 


| 


: i : I ':> 


; l£ 


i 


I 


111 

3 £ 5, 


:<• ■ ■ - )>a 

: 1 | : : : : : 
: J » : I S : ; 

s"l"| pi = 1 


■susiuiaadg jo-on 


£ £ 3 


Z 


:sf : i 

I I S 


: : : : :8 . 

i i 2 i 

i »||| 

it |Ki 
fc; i-if 

illiliii 




If : ; 

■i ; i 

i! 


1 14*1 

ii 

if 

? ; 
•is 


i 


s 


5 ^ -3i 

l : j ! |; 

3 o St 


SIMM 1 

Ii 








is 


1 ! Il'li 1 ■ 1 ! " g 2 * 


•laquin 


S I«U3S 


®mm 


HIIII i 


:** 


ni> 


II S 1 



3i,iii«db» Google 



STATE GEOLOGIST. 



1 

i 

\ 

j 

I 




l 


J 




i 




1 , 


i 


1 1 a 




■mmiujjsiljj jo 'tis 


-|— 3-|— ,>.«...... — a — 


s 
•< 


S :E 
- 

it 

p 

S3 


:s I:!;!;! ; • • • 

1 = e = n M M = n 

:§:::: f f :•::: : 
: - :■■■:!• : : : : 
=== 

i 




i 


* 


% 






1 


i ; 


i 


■Of 


IBH3S 


81 


sljUsssigiisisBsisil 


gsllsSiil 



3i,iii«db» Google 



ANNUAL REPORT. 



i 

I 

I 




1 


: :;:::::;: :g 
:::;::: I ::: IS 


I 


| 


! 


1 




-sciBmpsds jo ok 




■< 
















i 




J,,,,.,....,.,...,,.,...... 


s 


g 

-< 


■aaquin 


I IS[«S 


ISiggsSSSStlf? 


suanmizB 



3i,iii«db» Google 



8TATE OEOL0GI8T. 



i 

I 
8 

i 




* :3 : ; i : -5' * 

I. :|. . ' r :S ; 

1 1 


! 


1 • 


i 




I 
5 


•unaiupadg jo 'ox 


!,— «, „„ "J : ^l- - 


el 

• X 
■< 
z 




I 


S 


I 


£ 


S 


■joqun. 


K l*J!»S 


:::ij<;sri;5 , ;;^^i::;:?^' , -!)i 



3i,iii«db» Google 



ANNUAL KEPOET. 



1 
I 

1 




•3. ; : : : : 

•2i : ! : : i 

1 

.4 


|| |j J il I J IS 1 

: ■ :S ! i : 1 \ 
B 


4 


1 


5 


■ i 




s 


•Buainpsfle jo -on 


„-„_„ — « e l : 1 


S 
3 








© 


£ 


i'.V.V.V 






* 




■wqun 


1 I«!«fi 


ggggggSg 


. ;.■.-■'.■ '.;■ ■ : 


r: -V,-:,- 



3i,iii«db» Google 



STATE GEOLOGIST. 



■SH amioacls jo 'OH 


— — 


"1 




' K 






















o 


i 




s 


S 


2 


■3 



i«».s SSSfcEI'StlEfrlilR <»=8E8SK 



3i,iii«db» Google 



ANNUAL REPORT. 



! , 
i 




"5 "3 

- ~ 

1 

J 


! 1° : 7 

iH : \\ 

¥. -- 








j 




' *i 


.. . . 






3 


- 


i=3 "t %i 

iffUlJll 


is ' "bd 


'=6 
If 


■siwmpwls jo -ok 


B „|«,... :| — ,—g-*.-...-^^.— 


Z 
< 




I : * : ; : :1s ■ ; 
! ;| -.1 s= " 
;I ; : if ii 


i i 11 i if 


U M 1 


o 


S 


}„' 




< 


£ 




M3q«in\ 


leuas 


EBS 


r.-IIil 


E»kS 


H153SI8 


ijiiH 



•^ 



3i,iii«db» Google 



STATE GEOLOGIST. 



1 
1 




1 




1 


J 


o : c: :: co ^qo cz 

i 1 11 Ii Si §11 Si 

5 b wb 'C'-Z -J-Z -Z^'o 5L 


■siiBiupadfi jo ox 


«««««»»««■««-»-»*««»««—=«* 


% 


I ; * s 3 . i -- ■!( 


5 


1 


! : ;■ 


•S 


a 


■j*i:iiuu>v 


["IJ3K | 


BHiHBiiBSISitBISmiHUf 



3i,iii«db» Google 



AOTTUAL REPORT. 



}. i.y.i ? >. ? s ," >. ?.? ? k ?.y > .?.i t. X 



A 27. 3 2 



HI 



hum [iJ!.w S | . :■ ; .,..,.,:.: ■. -.■v--t. : . : ; :-> 



, d by Google 



STATE GEOLOGIST. 






,db» Google 



ANNUAL REPORT. 



susnipsds jo 'ox 






l!-I.H«M a .=sS 






?.->.?.i :/.}.' ss.s.ss.s s.Xs.v > s.s s.s ss.s.y. 



;, : il 



is:!; 

i \- 



■233 : 
I Mis! 



3f*jfcl|Sj^IlI53ij. 



sis4i«?H;; -^ 



■isqraciN [CpHa "SflMlMIUfSSilliiiiiSilH 



Digitzed by GOOgk 



8TATE GEOLOGIST. 



saainioadg jo -oh 



H 



Ml 1 . 

■..-::■ 



■ 



>: :.-. .?: V/i;t vf;=s? -'v • > >: f 



= E « 

s s ........................... 

D 3 ' 

i S 



' »-.,,.3~ - , 



,db» Google 



AKOTTAL REPORT. 



i 

] 

1 










! 

£ 

ill" 
MI 


1 










1 


da: : i : e&l 

11 |§ 


Illlll 


32- 

=M 

■■■•■■.• 


'*ri;)iii!a,i(It! ]0 OK 


"S»— a S = 2« — * "=>--- 8— «|SS — *8 


1 


: ! : ; : : '•> 


: : : :3 i | H 

: ; ; : f : ; ; : 


!M!J 


Mi; 


O 


I 

is 


1 

H 

i 








% 


i 


■jaqumj, 


lejjag 


85iSiliIilslH5IIii8li!!811 



db» Google 



STATE GEOLOGIST. 



j 

1 
I 






:§:::: 

:"S ; ■ 
:*■ : : : : 

:3 : ; 

J,. 


:1| . ;| ■ 

:s|: s 
iBiili! 

;* s Ml M 




1 










1 
1 


z & 

i %y 




it 




•snatupadg jo '0(j 


-or^-a, «.,_£-, g « B- l K(2SS$8-»ggS 


I 




ItMH 




:|::j 




a 

I 


i 

I 




M 


i 


i 


| 


.g 


'.inqnii 


& ie].ias 


§§S83i8g§§f Si 1 UiSHgHBH 



Digitzed by GOOgk 



ANNUAL REPORT. 



i 

1 
1 

i 












I 










! 

s 






',:■■- 

IS 


-susnii aads 10 '(>M 




-1 


iSil 


;■: ]4 :;:;;• : 
: -S * " : : : : 

I 1 jj 

§3| | g ■ 






9 


I 










$ 


%- S3SS , . 1I(IimillMI 


jsqam 


i IE!J3B 


ggp§§lg g iigi§igggsg|gi § i 



3i,iii«db» Google 



STATE GEOLOGIST. 



•sqarajasdg jo 'oh 



Digitzed by GOOgk 



A1TNUAL REPORT. 



3 

1 
1 


1 
1 

1 

i 












! 1 : : ! : \ i| ! 
•::::;: : !| : 

! i : is i 




1 














i 

1 


3 










s 


•Easrajoads jo 'on 


— „ « W *« ri -« — -*«*-,,«..■(,-■ _J 


1 

« 

1 

1 

1 

1b. 


■ 1 




<1 




1 J! =§4 j 


i |5 | : : : : 




1 


i 

S 


1 


5 














1 


^ 












•jaqnm 


1 1-E1.T3S 


s 




= 




3S333SJSSSSSSS 





3i,iii«db» Google 



STATE GEOLOGIST. 



-_ S=iaS 



-: : 0=i'p L .i--'V-i: ■■ ■ = ^;C; = = ;_ 



■snamiaade jo -on 



H 



'woinwi " 



3i,iii«db» Google 



ANNUAL REPORT. 



I 

a 
I 

I 

1 




::"::■ :| :: i : : 

. .1*:'. . - 


| 
| 






1 


!!!l!!!3!ljl 

z ™ -»Ss 2 : 

PfJsf s£ 


?.. : l : . ||fl 


■BUBOTjaads jo 'om 






S 
< 


: : | I I :|-§ : : : I I 




o 


i 


H 


B 


1 


'asqnm\ 


IHI13S 


S3SSSSSSS§gPSS 


-^::SSi^^ii! 



3i,iii«db» Google 



STATS GK0L0GI8I. 



S3_Sr. 

"^.'(■■■U'r. i t 






■BuauipaiJg jo -oh 







. 
































£ 












E 






a 






























& 


1 *• 




N 


unber. 


SSSSSSSSSS&SSSggSSSS&iajjisi 



, Google 



ANHTJAL REPORT. 



' 1 

1 

1 

1 
1 




1 1 1 1 

3 : : 








1 

to 












I 


is 


JUHiilMi 

Ne III Is' 


: : : :-i : i :* : : : : 

- := ■...=.--.; 

iHllMliii 

to* Wtq atoOtoSa,» 


'ti.mip.iiiy JO 'OfJ 


— 











o 


i 


i 

M 

s 


i 


1 


■«q«i 


a i'eubs 


HIS 3 8SSSi888SS8M§i58§S8§ 



,db» Google 



STATE GEOLOGIST. 



l-euauiiosdg jo 'on "S" 18 



3i,iii«db» Google 



ANNUAL BEPOBT. 



1 

! 
i P 

J 

: 
I 






: :| : 

!!l!!i!i»lM 

. . . A\. 


I 

i £■ 






1 
S 


sINjjlMj;! 


)!!!l!!ji!ii 


'6 USUI J Li J lis JO 'OK 




3 


1 I ! 1 1 ! i i 'isi 


y if H : 


1 

o 


$ 


itf 


,.= = „„=,,, 


% 


I 


■jaqim 


k mas 




miim-''^-s, 



3i,iii«db» Google 



STATE GEOLOGIST. 



1 
1 

| 




K : : : 

:g : i 

S : 

> : 


I 1 IJ 1 1 1 1 ! 1 
i 1 l| 1 1 1 1 1 

I I !J ! ! H ; 1; 

jnifimm 






; 1 






1 1 1 1 1 ! ! i 




i 

I 


Itpliaifts 


\^> •>•*• -,^ ' 
■<■'■%■*■*, i, » 


■suatoiaadg jo 'on 


_«.,-«—. — >»« 


a 

< 


ill! 


N =?I H 1 M ; 


:::::::§: 
1 1 1 • IB 1 


1 


o 


1 


i 








P 


i 


■jaauin 


K m«5 


8S'aSS8Sls8!SeSSiSSs5l33sS|| 



,db» Google 



ANNUAL REPORT. 



1 

s 
3 

1 






















1 

1 

1 




n% .ft ^i' 

ill 11 |i| 

SEE s£ £zS = 




* z «a*s 

'ft** lift 

la llff 


■Basrapadg jo '0(J 


.- a .- « ««•«- — a — E — 










i if h 




i 


a" ; 




1 


i 


3 














• 


1 


1 


„„,,,,„,, 


z 


■«quin 


n rows 


asMsa^ -^asMssaa 



3i,iii«db» Google 



STATE GEOLOGIST. 



'snatapsds jo -on 



; W •* 



z. PS 

5£ =a£ -£/- ;s. : ->:--^ 



313 II 



Di,iii«db» Google 



ANOTJAI KEPOR'i. 



■suauiia*ds jo -ojj 



Mi 

jl 

is?;. 






i.S 



ililllPliflaslfil 



alsKllsllHIsSHillPIIIH 
Di,iii«db» Google 



STATE GEOLOGIST. 



' ] 

I 
I 






mmiinm 

i i 1 II i if i ! i i 1 


1 






1 

3 






■eaaunaadg jo -on 




3 

■4 


::::£:::::::: 

••;;&;;;••;■; 

: : : :1 1 : : : i : : 

i : is ! ! : ! ! 


i ! i ! n 1 ! 1 ! i ii 

,. 1 

,i 5 ;:,:|: S .-2 


O 


i 


i 
i 


t 


% 


| 


isipaos 


1HU98 


§§:§§S§§§§S = S232Sg5£§§|3|?SggSi 



3i,iii«db» Google 



ANNUAL REPOBT. 



I'susumadg jo -on 




9 

< 


i ! 


O 


1 


■ s 


i 


1 


1 


jaquinj, 


[U|iag 





3i,iii«db» Google 



STATE GEOLOGIST. 



11! 






U) : 



■=3 : ■ : ■ 



:.■-.. 



: ^ ■- ^ :• 2 I 5 -- — i 



■jaqura.M ieijos |gggg|g 



Digitzed by GOOgk 



ANNUAL REPORT. 



1 

1 

i 






I::::! :| 
:::::: :| 

iiiiiiil 


I j : j :0 : j 

: : : : :S • i 


is • ■ 
:s ■■ ■■ • - 

■i " 




i 












i 


1 
1 




:::::::::::::::::►* 

ftiiiliiiiiiiif!!? 


■Bnsuiiaadg jo 'on 


M .„— W _ N «,„ ri „„-,. M -, »«,„„_ 


1 ■ 




| 

o 


i 


* 










1 


1 


■jaqnm 


ilBIiag 


1 


HSISlii 


iliSiSSi 


slgllS 


8SSS 



3i,iii«db» Google 



STATE GEOLOGIST. 



, d by Google 



ANNUAL REPORT. 



1 
i 






::::::: j :::: :g 

:::::::: : : : . If 

MNMMJN!!! 

! i ; 1 1 ;l ! : ! \% 

Imlmilml 


& 






a 




■snauipads jo o«i 




•< 


2 ! :-i : 1 i : ! ■ : : ; 




I 


1 
9 


£ 




t 


s, , 5 , s „ 3 , = , s : , : s , = t ; s , s s t , , 


■jaqumt, 


[BUag 


llllllllil|ss3S£||S||||||s| 



3i,iii«db» Google 



STATE GEOLOGIST, 



!i 


























J.H' 

_.r.. 


i ■ i : : ! i :? U : 

! 14 '-\ 1 !|j I ji i ! ! i 1 i 

Jill !iiii5iJi s *iH 



feiltl! 



: Hi 

i||MM|*l 






■o N W98 iig§is§gggeiii§gi|g|§gsiiis 



Digitzed by GOOgle 



ASNUAL BZPOBT. 



il' : Jl • 






■si],nui,);i(Iij )0 "ON 






ifliiaiip'--- 



■.--- 



UP 



iiiiiiiiiiiiiii^iifiiiiii § 



is quins IBJJ3S 



hi* Google 



STATE GEOLOGIST. 



!J-lJl :!: ' : 






He 



■S|: 

ft: 



lilislttiilfiillilflli*?| 



5 



- - _- 7 - > .: -_ - . ■- ■- J; Z - . ~-r~:: 



■*9<liimiit«jws l!s3sS r ' 31§§fei§SSS 



)y Google 



AmTOAL REPORT. 



ill- 

Mm 



.,■:-- •-.--; --7 : - 






■Jaqnms HW88 



Si! " 



DigitzedbyGOOglC 



STATE GEOLOGIST. 





1 
I 

| 

1 






i !!!!!!!!!!!!!!! ^ !!!!:!!! i 




; Hi ill : i M! i 1 : : it i i n i ; ! !: 


t| 




! j ii ! ! !! ! ! ! 


a 




o 

! 


i 




§ 

1 


& 
1 


' 




■suainjiisijfl jo -ox 


„«_„ — »— ,, • ■„—.,-■*.-.« — •«« 


s 

i 

<3 • 

s 

I 

s 


S 

3 






hi 


in u 


: : : :4 : : : 




<3 


O 


i 


M 


















J 


| 




SB 




■jsquinf, 


l^jjag 


IIIIIII 



y, Google 



ANNUAL REPORT. 



1 

s 

i 






! ! 1 H 1 1 ! ! ! ! 1 11 




1 








I 


2\\ 

w. 

1-' 




: U $ -J £ 


'Baainiaadg jo 'oji 






a 
SI 
•< 
Z 


III 


i i I i n u i j i i i i 

»:: = !i!iSi!M 

3 : : : : :§ : :$ : 
f :::■::::*; is : 
I::::! •: Hill- 


iUUhJi 


© 


i 


1 

s 


i 


i 


■J3quin.o 


leuag 


ssiisassgsgsseccaccBoSsaBaa 



3i,iii«db» Google 



STATE GEOLOGIST. 



J 




::M3:::::i 

i : £s^ ; ; ; 

• :5-5| ; ; ; 
i igi^s i i 1 i 






h 










i 


a 

1 






■Bnauipadg jo -on 












! i ;£ = : • 


• : i 


I : :g„ : j : : : : 


| 


P 


| 


1 


s 


1 


| 


'laqum 


* IK[13S 




K?,*;*-.nzz 


3SS S 


ssssigssssssss 



3i,iii«db» Google 



ANNUAL RBPOBT. 



j 

\ 

1 




. ; .el : l 

i I i ;1" ;j 

liuiiij 

Mjiiljj 

:'::::£ o 




: : : :l 

Mi;! 

!! = !» 

I 


I 






Hll! 


1 
3 


! ! ! i i ■ ! ! i ! Mi i e ; !:SS : M 
•y ■;:; ■ ;| e:i. ■"'■-:; :• e 5 ! ;• ; 

S|n jiljl.l klilSli 

sfellfhlS'" i slIlialilH 

-«o>3 QS flO? gg e S— fc Cfl O 5 2 43j3± 


■fiiauip.iricj jo 'ox 






S 
< 




: U : 1 : : :£g : : : ! 

: -J.': :' 1 i ■ :S ? : 




g 

O 


1 




,„„,„„, = , 


,,,, 


P 


s 


■jaqran 


H was 


— -gggg E 



3i,iii«db» Google 



STATE GEOLOGIST. 






,db» Google 



AH3TTTA1 KEPORT. 



, d by Google 



STATE GEOLOGIST. 



11: 

m 

---■■■-^ £=*.*" :-• '= -;-.--^- -, 

£:5^^£=SiSC^d«^':s^-k«£5Jz£b6 



Is- 

S 



■wcitanN ibiibs | lS||||||25|^i2||I|S|§|SS||| 



,db» Google 



ANNUAL REPORT. 



1 
1 






: : 1 : I : I : :I : 1 : 
: H : U U II ! : : 

UMMinliU 


i 






i 




:£:::::! n ! n 


■nsraiaads J° "°>J 






a 


Hi 

• ;|S 1 ::::::: 


| 


s 


|s 


M 


i 


1 


■jaqrai 


IN I*!*>S 


Sls^j7!7 "" ~ *»1£IHI 



3i,iii«db»GoogIe 



STATE GEOLOGIST. 



I- 



,db» Google 



AmfUAL EEPOBT. 



, d by Google 



i|i!i!!!iii!!ii!!niiiii 

!1!!!M!!!!!!!lnll!;l!i 



UnliiSI 

I 
i r£ ; ; ; i ; i : ; ■ 



WilliililiSijIII!! 



iiiii 
ill!! 



I::::-::::::::::::::::::: 



IF 



• • • • i :j : 

! !! i i! i 

; u a ; i i 




3i,iii«db» Google 



ANNUAL EKPORT. 



1 

1 
1 
i 




|I]!M 
i : ::H 

S : i i ! 
SI:::: 


ijiijljiiisii 

: :| : : : : : : jl j I 
! if i ! ! i II ! : 




1 










I 


1 




«■> i . '■ :^2 ':::::::: 

ii illitrtlllllllslil 


snauipadg jo -on 














1 

O 


I 
















| 


I 


■J9QUH1 


N l*iI*B 


||ii§gggg§i|§!S||i§|SS8|gll 



Digitzed by GOOgk 



STATE GEOLOGIST. 



I 

i 

1 

l 




::::::§• 
: : : ''• : :&! 


|l ; ; ; ; j ij ; ! | 

t dl i ! i = i i i it : i 




i 


: :s« : : 
: : ! :| : 1 

::::£::: 






i 
3 


: 


: : j IS: : '£. :':•'. : 




■snompsrif! JO 'Ofj 




I 


1 ij- 






O 


I 
1 


i : : : 






i 


I 


■, I inning ibuos 


ilHilii 




liilliilsasaa 


saaaaa 



3i,iii«db» Google 




3i,iii«db» Google 




3i,iii«db» Google 



ANNUAL REPORT. 



t 

I 
j 




: 


!£i; 


ass* :_ : : i : 

...1 :#:;:: 

lis:. . 






| 

Eh 












3 


a 

1 

i 


^ 


: ':£ '-^ :| : i^ * : i 1 " : 

Za-«z»i. a) h z£3is 


■sn,uuij:.Mis. 10 "OX 


M 






S 
Z 




O 


i 


si 










s 


| 




| 




WW 


T 


isi 


llllliiilll, 


lliililll 



3i,iii«db» Google 



STATE GEOLOQIST. 




■wqniiiN I*W*8 



y, Google 



INDEX TO THE GEOLOGICAL REPORT. 



Page 

Address to the President 3 

Alexander, E. S., Railroad Elevations by 156 

Analysis of Water at the St. Gabrielle Springs 13 

" " from well at Breckenridge ■ 15 

" . " from well at Brainerd .. 28 

" of the Alkali of the western prairies 33 

of Peat Ashes 128 

" of Limestones 129 

ofCatiinite 101 

" of several Wells in the Red River Valley 38 

Aneroid Measurements at Red Wing 45 

Area of the Deposit of Locust EggB 13* 

Areaof Greatest Injury by the Locust 138 

Arrangement of Mineral Contents at Little Falls. Fig. 5 52 

Austin, Ex-Gov. Horace, Specimens donated by 160 

Bam Bluff, section of 45 

Belle Plaine, Analysis of Water from 127 

Birds, Report on 154 

Blue Hardpan Clay, the 18 

Botanical Work of the Survey 167 

Bounty for Destruction of the Grasshopper 135 

Brainerd, Wells visited at 27 

Brainerd, Analysis of Water from 28 

Brainerd, Report on Waters of 130 

Breckenridge, Analysis of Waters from 28 

Brewery Well at Moorhead '21 

Brick in Ramsey County 91 

Brick in Rice County 124 

Building Stone in Ramsey County 90 

Building Stone in Rice County 123 

Campbell Station, Section of Well at 13 

Cannon City, Township Notes of. 117 

Catalogue of Specimens registered in the Museum 161 

Catlinite the, of Pipestone County 98 

Catlmite, Analysis of. ' 101 

Chemical Work of Survey 7 

Chemical Peculiarities of the Waters of Red River Valley 33 

Chemistry; Report of Prof. Peckham 121 



> y Google 



Page. 

Chinch Bug:, the . .*. 151 

Colorado Potato Beetle, the 18$ 

Commissioners' Estimate of Damage by Locust 141 

Comparative Temperature and Rainfall for four years. -.'. 141 

Conclusions on Cause of Foul Water in the Red River Valley 40 

Damage to Crops by Locusts 141 

■ Deep Well, Section of, at Reform School 81 

Description of the Townships in Ramsey County 117 

Detroit, Wells at 27 

Diary of the Movements of Locusts 143 

Dioryte 46 

Disappearance of the Locust Jk 132 

Distribution of the Locust ™- 146 

Donors to the Museum 160 

Drift the, in Ramsey County 84 

Drift the, in Rock and Pipestone Counties 104 

Drift the, in Rice County 121 

Earthworks in Ramsey County 92 

Eggs of the Grasshopper, area of 134 

Eggs of the Grasshopper, Failure in Hatching 137 

Elevations in Ramsey County 72 

Elevations in Rice County 120 

Elevations on the Hutchinson Branch of M. & N. W. Railway 156 

Entomological Work done 7 

Entomology; Report of Alien Whitman 132 

Erin, Township Notes of. 1 18 

Evidences of 1'alteolithic Man in Minnesota 53 — 59 

Facts known about Waters in the Red River Valley 10 

Failure in batching Eggs of Grasshopper 137 

Fargo, Wells of -. 22 

Faribault Township, Notes of 117 

Flouring Mills of Morrison County - 65 

Flouring Mills of Ramsey County 91 

Flouring Mills of Rice County 116 

Forest, Description of the Township of 118 

Fossils of the Trenton in Minnesota ; 112 

General Museum; Report on the 159 

General Warfare against Locusts 139 

Geology of Minnesota; State Publications relating to 4 

Geology of Morrison County ■ 50 

Geology of Ramsey County . '. 66 

Geology of Rock and Pipestone Counties 93 

Geology of Rice County 114 

Geological Structure of Ramsey County 76 

Geological Structure of Rock and Pipestone Counties. ... 97 

Geological Structure of Rice County 120 

Glacier Origin of the Drift at St. Gabrielle Springs 12 

Glacier Deposit 31 

Glacier Action, Evidence of 106 

Glyndon, Wells at 23. 



, d by Google 



Page. 

Granite in Vicinity of Motley 46 

Gray Seyenite 46 

Grasshoppers; Report on *..... 132 

Green Shales the, and Upper Trenton 80 

Goodhue County, Reconnoisance in 44 

Ground Plat of Slate Ridge at Junction. Fig. 2 49 

Hatch, Dr.P.L.; Eeportof. 154 

Herman, Record of Well drilled at 28 

Herrick, Mr, C. L.. mounting of Birds by 159 

Injury to Crops by the Locust 141 

Injury to Wheat by the Chinch Bug 150 

Johnson, Dr. A. E., Evidences* Paleolithic Man by 59 

Jointege of the Slate at Little Rlls. Fig. 4 * 51 

Juni, Mr. B., Plants donated by 160 

Konz, Geo. P., Cabinet purchased of. 172 

Kunz Collection of Minerals, duplicates of. 159 

Lacustrine Clay, the 18 

Langevin's Well at McCauleynlle, Section of. 19 

Late Hatching of Grasshoppers 137 

Limestone, Analysis of 129 

Lime Kilns the, of Rice County 124 

Little Falls, Jointage of the Slate at. Fig. 4 '. 51 

" Arrangement of Mineral Contents at. Fig. 5 52 

" Primitive Man at 53 

the Stone Cutters at 53 

" Section across the Mississippi Valley at. Fig. 6 55 

" Quartz Chippings from 56 

" the Mound Builders at 58 

Loam the, of Rice County 121 

Locusts, Disappearance of in Minnesota 132 

Lower Trenton the, in Ramsey County 77 

Marine specimens presented by Ei-Gov. Austin 168 

Mastodon's Tnsk found at Stillwater 61 

Material Resource* of Ramsey County 90 

Material Resources of Rook County Ill 

Material Resources of Rice County 123 

McCauleyville, Wells at -.. 19 

McLean, Description of. 71 

Meteorological Observations Ill 

Migrations of the Locust 143 

Mills and Watef- Powers in Morrison County 65 

Mills and Water-Powers in Ramsey County 91 

Mills and Water-Powers in Rice County 116 

Millstones of Primitive Man 63 

Moorhead, Wells of 20 

Morris, Wells visited at 1] 

Morristown Township, Description of. 118 

Morrison County; Report on Geology of 50 

" Jointage of the Slate at Little Falls 51 

" Arrangement of Mineral Contents in 52 



, d by Google 



INDEX. 221 

Morrison County, the Stone Cutters in , 53 

" Section across the Mississippi in 55 

" the Mound Builders in 58 

Soil of. 64 

" Water-Powers of. 65 

Mound Builders, the , 58 

Mounds and Ridges at Little Falls. Fig. 7 59 

Mound View Township, Description of. 71 

Movements of the winged Grasshopper 143 

Natural Drainage of Ramsey County 69 

Natural Drainage of Rock and Pipestone Counties 96 

Natural Drainage of Rice County 115 

Notes on Deep Well at State Reform School 81 

Notes on tie Fossils of the Trenton 1 12 

Northfield Township, Description of. 117 

Northern Pacific Railroad, rock exposed along 45 

Organization of Red River party 9 

Ornithology, Investigations in T 

Ornithology; Report of Dr. P. L. Hatch 154 

On the Northern Pacific Railroad 45 

Pale Catlinite 101 

Pal se ontology; Report on 112 

Peat Ashes, Analysis of. 128 

Peckham, Prof. S. F., Report of 126 

Perhani, Wells at 27 

Peter Hanson's Well at Breckenridge 16 

Pike's Winter Stockade, search for 53 

Pipestone Quarry 99 

Pipestone County, situation and area of- 94 

" Surveying Stf tistics of 95 

" Natural Drainage of. 96 

Surface Features of. 96 

" Geological Structure of. 97 

the Drift in 104 

Plate of Stone Implements 56 

Pottery Clay : 44 

Primitive Man at Little Falls 53 

Primitive Mill in Minnesota. Fig. 9 63 

Progress of the Locust during the Spring 134 

Quarries at Wanarningo 44 

Quarries in Ramsey County 90 

Quarries in Rice County 123 

Quartz-chips at Little Falls 58 

Quartzyte, the Sioux 97 

Quicklime in Rice County 124 

Railroad Elevations 156 

Ramsey County, Situation and Area of. 66 

■" . Surveying Statistics of 67 



, d by Google 



INDEX. 



Paob 

Ramsey County. Natural Drainage of 69 

■' Townships of 71 

" Elevations in 72 

" Soil and Timber in 72 

" Geological Structure of 76 

" the St. Peter Sandstone in 77 

'■ the Lower Trenton in 77 

" the Green Shales and Upper Trenton hi 80 

" ' Section of deep Well in 81 

" the Trenton Group in 82 

" the Drift in 84 

" the Loess Loam in 87 

Wells of 89 

■' Material Resources of 90 

'• Timber of. , 90 

" Building Stone in 90 

" Mills and Water-Powers of 91 

" Brick in '. 91 

" Earthworks in 92 

Reconnoissances into Wright County 43 

" in Rice County 43 

" in Goodhue County 44 

" . on Northern Pacific Railroad 45 

Records of Experiments on Causes of Foul Water 41 

Red Catlinite 101 

Red River Valley, Water Supply of 9 

Facta known before the Survey of 10 

Wells visited and examined in 11 

Sander's Well in 15 

Breckenridge, Wells in 16 

Connelly's Well in 17 

Well at McCauleyville 19 

Wells at Moorbead 20 

Water at Fargo 22 

Alkaline Water at Glyndon 23 

Section of Well at Glyndon 24 

Wells at Winnipeg 25 

Surface Geology of. . . . 30 

Section across the. Fig. 1 33 

Chemical Peculiarities of the Water 33 

Report on Water Supply of 35 

Conclusions concerning the Water of 40 

Red Wing, section of Barn Bluff at 45 

Red Pipestone Quarry ,. 99 

Report on Water Supply of the Red River Valley 9 

43 



on Morrison County 

on Ramsey County 

on Rock and Pipestone Counties. . 
on Palaeontology 



50 



gitized by GOOgk 



Report on Rice County 114 

" on Chemistry 126 

" on Entomology-- 132 

" on Ornithology 154 

" on liailroad Elevations , 156 

" on General Museum 159 

Reserve Township, Description of. 71 

Richland Township, Description of 117 

Rice County, Situation and Area of 114 

" Natural Drainage of 115 

" Water-Mills in 116 

" Surface Features and Soil of 116 

" Surveyor's Notes of Townships in 117 

" Timber of 119 

" Geological Structure of. 120 

" Material Resources of. 123 

'■ Stone Quarries in 133 

" Limekilns of 124 

" Brick in 124 

Rock and Pipestone Counties, Situation and Area of 93 

" " Surveying Statistics of 94 

" " Natural Drainage of 96 

" " Surface Features of 96 

" " Geological Structure of 97 

" " Analysis of Pipestone from 101 

" Drift the, of. 104 

" " Striated red Quartzyte in. Fig. 10 107 

" Common Wells of 109 

" " Material Resources of Ill 

Rocky Mountain Locust the; Report on '. 132 

" " Progress of during the Spring 134 

" " laws concerning 135 

" " Hatohingof 137 

" " Area of greatest Injury by 138 

" " Damage to Crops by 143 

" " Movements of the Winged 143 

" " Migrations of 146 

" " Distribntion of 156 

Rose Township, Description of 72 

Samples of Water selected for Analysis 10 

Sanders' Well at Breckenridge, Section of 15 

Section across the Red River Valley. Fig. 1 33 

" of Well at Campbell Station 13 

" of Wells at Breckenridge 16 

cf Wells at McCauleyville : 19 

" ofWellatMoorhead 21 

" ofWellatGlyndon 24 

'■. of Well at Herman 29 

" ofBarnBlnff 45 

" across the Slate Ranges at Junction. Fig. 3 49 



y, Google 



224 INDEX. 

Paoe. 

Section across the Mississippi Valley at Little Falls. Fig. 6 55 

" of Bank at Stillwater 61 

"■ in Lower Trenton of Ramsey County TO 

" of deep Well at State Reform School : 81 

Shakopee Limestone, the • 122 

Shieldsville Township, Description of . . i 118 

Signal Service the, Meteorological Notes from 141 

Situation and Area of Ramsey County 66 

" " of Rock and Pipestone Counties 9U 

" " of Rice County 114 

Sioux Quartzyte. the 99 

Soil of Morrison County ." .. 64 

" said Timber of Ramsey County 71 

" of Rice County 116 

" of Rock and Pipestone Counties Ill 

Sperry, L. B„ Report of 114 

St. Gabrielle Springs . . 12 

' ' Stagnant" Water, cause of 5 

Stone Cutters, the 53 

" Implements. Fig. 8 61 

*' Quarries of Rice County 129 

" " of Ramsey County 90 

St. Paul Township, Description of 71 

St. Peter Sandstone the, in Ramsey County 77 

St. Peter Sandstone the, in Rice County 122 

Striated red Quartzyte in Rock County. Fig. 10 107 



Surface Geology of the Red River Valley 80 

Surface Features of Ramsey County 68 

Surface Features of Rock and Pipestone Counties 96 

Surface Features and Soil of Rice County 116 

Surveyor's Notes on Rice County 117 

Surveying Statistics of Ramsey County 67 

ofRockCounty H 

" " of Pipestone County 95 

Tent Caterpillar, the 183 

Terra Cotta Clay of Red Wing 44 

" Three Maidens, " the 108 

"The Mound" 108— 107 

Timber the, of Ramsey County 90 

Timber the, of Rice County 119 

Town Well at Breckenridge 16 

Trask. E. W.; Letter on the Chinch Bug 150 

Trenton Group the, in Ramsey County 82 

Trenton Limestone the, in Rice County 122 

Typhoid Fevers, Fruitful Source of 42, 109 

University Museum, the work to be done in — .... . 6 

University Museum the; Report on ■ 159 

Upper Millstones 62 



> y Google 



Van Vorhes, Mr. A. interesting- "Find" 
Walcott Township, Description of. 



Wbj: 






Warsaw TownBhip, Description of 

Water- Powers of Morrison County 

Water-Powers of Ramsey County. ..... 

Water- Power Mills in Rice County 

Water Supply of the Red River Valley. . 

Webster Township, Description of 

Wells Township, Description of 

Wells visited and examined 

Wells at St Gabrielle Springs 

' Campbell Station 

1 Breckenridge 

' in Wilkin County 

1 at McCauleyville 

1 Moorhead 

Glyndon 



Win 



upeg.. 



White Earth 

Detroit 

Perham 

Brainerd 

Herman 

i Ramsey County 

Rock County 

Wheatland Township, Description of 

Wheeling Township, Description of. 

Whelpley, Mr. C. E., Record of Well drijled by. . 

Whitman, Allen, Report of 

Zumbrota 



> y Google 



ERRATA. 



On page 3, insert "the" before Geological. 

On page 3, for "Dec. 31, 1877," read May 25, 1878. 

On page 27, fifth line from top, for " linin g 1 ' read limy. 

On page 28, first line from top, fof "6.44" read 6.21. 

On page 28, first line from top, for "32.287" read 31.287. 

On page 28, second line from top, last column in table, for "0" read 9. 

On page 43, for "Reconnoisencea" read Reconnoiasances. 

On page 48, eighth line from bottom, for "moutone-ed" read moulonne-ed. 

On page 53, second line from bottom, for "scantly" read scantily. 

On page 55, third line from bottom, for "60" read 27. 

On page 59, twelfth line from bottom, for "nolilliic'' read neolithic. 

On page 68, third line from the top, for "Thus" read This. 

The 69th and 70th pages should exchange places. 

On page 75, at bottom, add Ilex verticellata, Gray, Black alder. 

On page 82, fourteenth line from top, for ''ChEeteets" read Chtetetes. 

On page 83, twenty-fourth line from the bottom, for "organized" read recog- 

On page 99, seventeenth, line from bottom, for "south western" read south- 
eastern. 

On page 123, third line from top, for "exposuse" read exposure. 

On page 123, sixth line from top, for "mills" read miles. 

On page 129, fourth line from bottom, for "62" read 52. 

On page 201, strike out "Rock on which Duluth is built.'' 

On page 216, the words "with 4 fluid cavitieB marked with ink," and "cryatal 
showing 'o plane of Dana," should each be placed a line lower on the 
page. 
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